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The reaction of the reagent lead tetraacetate 
(LTA) and anhydrous hydrogen fluoride (HF) with the olefins 
1,li-diphenylethylene, norbornene, dibenzobicyclo[2.2.2]- 
octatriene, and ple | Sys has been studied. On the 
basis of the products formed.from these olefins, a mechanism 
for the reaction has been proposed. 

FOnmenesbicyel1c olefin, norbornene, an initial 
-ets-exo-lead-ligand addition product is postulated. This 
intermediate is assumed to react by two distinct processes. 
The first is the heterolysis of the lead-carbon bond with 
Concomitant ciaminagerons or a proton to yield nortricyclyl 
products. The second process is the heterolysis of the 
lead-carbon bond accompanied by Wagner-Meerwein rearrange- 
ment leading §€0 .2—-2x70-/-syn-—disubstituted products. This 
process can be accompanied by a 6,l-hydride shift which 
leads to 2-exo-7-antt-disubstituted products. Products 
arising from a competing 6,2-hydride shift are not observed 
iy cits reaction. 

The mechanism for the LTA-HF reaction with dibenzo- 
bicyclo[2.2.2Joctariene can also be proposed to proceed by 
the formation Of an initial eis-lead-ligand addition: pro- 
duct. The products obtained from this reaction were 
exclusively rearranged 4-exo-8-syn-disubstituted products. 


This observation requires that an initial lead-ligand 
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addition product leads to rearranged products in a geitono- 
desmic fashion. This process in turn requires a heterolysis 
of the lead-carbon bond. The stereospecificity of the 
observed products is taken as evidence against a possible 
lead-carbon bond homolysis followed by a rapid oxidation of 
the wl ree-radical so. formed. 

The products from the reaction of the LTA-HF 
reagent with the terminal olefins 1,1-diphenylethylene and 


zis 


C-loetene are also postulated™to proceed by an initial 
lead-ligand adduct. These adducts are formed in a 
Markovnikov fashion. The lead-carbon bond cleaves hetero- 
pytically with concomitant aryl migration in the 1,1-di- 
phenylethylene system or with either alkyl or hydrogen 
MEgration in the Mee Cee ocrene system. Also observed, 
especially in the (eaeee le oaeene system, is the formation 
Of a Significant amount of products which can be rational- 


ized as arising from a direct displacement of the lead 


species by a nucleophile. 
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The use of lead tetraacetate and anhydrous hydrogen 
fluoride as a reagent to selectively fluorinate an olefin 
was first described by Dimroth and Bockemiiller.+ They 
observed that when 1,1-diphenylethylene was treated with 
a 4:1 mixture of anhydrous hydrogen fluoride and lead 
tetraacetate, a difluorinated hydrocarbon was isolated in 
a 28% yield. They assigned the structure of this material 
as 1,2-difdyoro-1,1-diphenylethane. The structure nas 
POpeea gently Papers been reassigned as 1,1-difluoro-1,2- 
diphenylethane. Deoxybenzoin was also isolated from the 
reaction in a 15% yield. The authors did not speculate on - 
the mechanism of the reaction nor did they tationalize= the 
formation of the deoxybenzoin. They suggested that the 
meer non G agent was lead tetrafluoride formed tn sttu 
from the reaction of lead tetraacetate with anhydrous 
hydrogen fluoride. 

Henne and Waalkes could not repeat the work of Dimroth 
and Bockemiiller. > However, they did fluorinate highly 
halogenated olefins with what they claimed to be nascent 
lead tetrafluoride prepared in situ from lead dioxide and 
Barons hydrogen fluoride. In a typical example of this 
reaction, 2 moles of tetrachloroethylene, 9-28: moles of 
hydrogen fluoride, and 2.2 moles of lead dioxide were mixed 


together at -78° in an autoclave. The.véssel was sealed 
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and the temperature was allowed to rise. The reaction 
which ensued was vigorous and was accompanied by the 
evolution of much heat and the generation of high pres- 
Sure lite Peaceron resulted in a 28% yield of 1,2-—di- 
fFluoro-1,1,2,2-tetrachloroethane ("Freon 112"). These 
workers suggested that the lead tetrafluoride decomposes 
to lead difluoride and a molecule of fluorine which then 
fluorinates the olefin. Other workers have used this 
method to fluorinate double bonds of highly halogenated 
olefins. In some systems, hydrogen is replaced by 
fluorine, For example when 2,3-dichloro=-2-butene is 
treated with lead dioxide=-hydrogen fluoride, 2,3-dichloro- 
Weep op ope pe CcCeartuoroputane 1s formed in 26% conrecnysl 
Similarly when 1,1-difluoroethane is treated as described 
apave ~7L,., )- Celt Luoroethane is Semel These conver- 
Sions are typical reactions of high valence metallic 
fluorides, including lead tetrafluoride.” 

More recently this method has been modified to use 
lead dioxide and sulfur tetrafluoride (instead of lead 
dioxide and hydrogen fluoride) as the fluorinating auaanes® 
The reagent thus formed fluorinates halogenated olefins. 
The yields of products formed in this reaction were found 
to range from 5 - 95%, usually somewhat better than those 
found in the lead dioxide-hydrogen fluoride system. In a 


typical experiment, 0.015 mole of lead dioxide was placed 
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in a pressure vessel. The vessel was evacuated and cooled 
with liquid nitrogen and then charged with 0.01 mole 
tetrachloroethylene and 0.05 mole of sulfur tetrafluoride. 
The vessel was warmed to room temperature and then heated 
to 100°. | This procedure resulted in a 177% yield of 

"Freon 112". The same product could be obtained in a 28% 
yield using the lead dioxide-hydrogen fluoride method. 

The authors suggest that presumably lead tetrafluoride is 
the fluorinating agent. The advantage of using sulfur 
tetrafluoride rather than hydrogen fluoride lay in the 
fact that water would not be one of the products, thus 
eliminating the need for a large excess of the fluorinat- 
ing agent to drive the formation of the metal fluoride to 
completion. However, the authors noted that when pre- 
formed lead tetrafluoride was used under conditions 

found to give the best yields in the lead dioxide-sulfur 
tetrafluoride system, the yields of products were very 
low. 

The method described by Dimroth and Bockemiiller has 
been successfully used to fluorinate an unsaturated steroid, 
Bowers and co-workers 7 treated pregnenolone acetate, l, 
with an excess of lead tetraacetate and anhydrous hydrogen 
Pluoride, for 15 minutes’ at —/5°C and cbtaineasa 27s syaeld 
of the difluoro derivative 2 and 63% recovered 1. Longer 
reaction times or higher temperatures did not improve the 


yield but only led to a low yield of a product which appears 
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CO 8be the result of a molecular rearrangement. The 


stereochemistry at the C-6 position of compound 2 was 
assigned the a-configuration on the basis of chemical 
degradation. Since fomic addition to olefins of this 
type always gives the trans-50-68-diaxial compound L2i 
the authors conclude that compound 2 arises from a ets 
molecular addition of lead tetrafluoride to the double 
bond from the least hindered side (Scheme I). This 
mechanistic pathway is analogous to the reaction of 
osmium tetroxide to yield the 5a,6a-diol q and that 
which had been proposed for the reaction of iodobenzene 
dichloride to give the 5a,6a-dichloro compound, 7° like 
is on the basis of these analogies that the ets difluoro 
compound, 2, was assigned the 5a,6a-configuration. 
Bornstein and co-workers have repeated the older 


work on the fluorination of 1,1-diphenylethylene. + 


: > 
| . : 
= 
| 
Ak 
s - — 
ya ( a 3 at 





¥F L ‘ i } iF. iz Peaks yy Tet 


a0 niin«g oh) aaa 


gienqgessies®. Lo. qui Ane- peanut name 







ww OE peti: Vt os Pe td 5 Ta ead Pe eee, 


ie “shay tin ti Re Dee pete ope oe r ’ 





SCHEME I 
so Ee 
AcO Aco = = 
F F = = 
Vy F = 
Pb Ei 


These workers obtained essentially the same results as the 
earlier workers. However, when the reaction was run at -40° 
for 10 minutes, not only were 1,1i-difluoro-1,2-dipheny1- 
ethane (3) and deoxybenzoin formed, but also a new compound. 
This was shown to be 1,4-difluoro-1,1,4,4-tetraphenylbutane 
(4) and was isolated in a 25% yield. In order to rational- 
ize these findings, these workers proposed the free radical 


sequence shown in Scheme II. Bornstein suggested that 


SCHEME II 


i ‘ 
i Ph ,C==CH, Sha CECH. 
5 
st AON [OUNOS| Ome ae PhCFCH,CH.CFPh, 
4 
re Ph CFCH, + ———> PhCFCH.,Ph 


6 


~ 





a a¥ PhHCFCH, Ph ~~~ PhCF.,CH Ph 


3 
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the sole fluorinating, species is lead tetrafluoride. No 
attempt was made ag RAGA the formation of sub- 
stantial amounts of deoxybenzoin. 

The fluorination of an unsaturated sugar, di-O-acetyl- 
D-arabinal (7), with lead tetraacetate and anhydrous 
hydrogen fluoride in methylene chloride at -70° led to a 


12 


rearrangement product (38). To rationalize the formation of 


8, these workers proposed the mechanism shown in Scheme III. 


SCHEME III 


CN aoa ma 


HF 


AcO OAc 
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Neither the yield of 8 nor the formation of any side pro- 
ducts Was reported... 

Recently: Bornstein and Skarlos = have shown that 
pre=formed’ leads tetrafluocride did not react’ with 1,1- 
diphenylethylene. The addition of hydrogen fluoride did 
not have-~any cirect: on the reaction? “However, wher “I to’ 4 
moles of glacial acetic acid was added, the reaction went 
smoothly giving the difluoro compound 3 in the same yield 
as that realized with the lead tetraacetate-hydrogen 
fluoride reaction. From the mixture of lead tetrafluoride 
and glacial acetic acid, these workers isolated and 
characterized lead diacetate difluoride. When this com- 
pound was allowed to react with 1,1l-diphenylethylene in 
chloroform solution, the difluoro compound 3 was formed in 
yields approximating those obtained with the Peo need nG 
agent generated in sttu. These workers did not report 
whether deoxybenzoin or the dimer 4 were formed in either 
of the above reactions. 

The mechanistic conclusions reached by the previous 
workers bears some comment. The cyclic mechanism proposed 
by Bowers was of particular interest. A molecular mechan- 
ism of this type had been invoked by Barton and Millar a 
to explain the appearance of the cets-5a,6a-dichloro isomer 
isolated enone reacar st benzoate was chlorinated with 


iodobenzene dichloride. When cholesteryl benzoate 
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was chlorinated with molecular chlorine or with iodoben- 
zene dichloride and large amounts of added water, the 
trans-5a,68-dichloride was obtained. It appeared that 
trans addition to this’ steroid was the product of ionic 
halogenation. 

Subsequently this reaction. of iodobenzene dichloride 
with norbornene a was shown to proceed by two competing 
mechanisms. When the reaction was carried out in the 
absence of oxygen, the sole chlorinated products were trans- 
2,3-dichloronorbornane (74%) and exo-cts-2,3-dichloronor- 
bornane (26%). Both these products were shown to arise 
via a free-radical chain addition mechanism. These products 
could be suppressed by the presence of oxygen as well as 
Sereresda+ Cal inhibitors. |The inhibition of radical chain 
addition was so efficient with atmospheric amounts of 
molecular oxygen, that the slower formation of ionic pro- 
ducts became dominant. 

In the light of the above results, it should be 
reasonable to conclude that the formation of the ets-5a,6a- 
dichloro isomer obtained from the cholesteryl benzoate 
chlorination reaction, may well have been the normal 
product from homotytic additiom rather tian Prom tie pro- 
posed molecular cts addition process. By analogy, the 
Forhation or -compdund 2 fron™ thesredenvonwoie UR ImanG hen 
acetate with the lead tetraacetate-hydrogen fluoride 


reagent could presumably also have arisen via a free-radical 
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chain addition process. If this were true, it could be pos- 
sible, using the LTA-HF reagent, to fluorinate saturated 
hydrocarbons since it had been shown that chlorination re- 
actions of iodobenzene dichloride with saturated hydrocarbons 
proceeded vita a free-radical chain mechanism.?° 

The cyclic mechanism proposed by Bowers could not 
explain the formation of 1,1-difluoro-1,2-diphenylethane 
obtained from the reaction of 1,1-diphenylethylene with 
the lead tetraacetate-hydrogen fluoride reagent, unless 
an addition - displacement pathway such as that shown in 
echeme il was involved. To test this possibility, 
Bornstein Le subjected 1,2-difluoro-1,i-diphenylethane to 
the reaction conditions and found this compound to be 
stable. 

The free radical mechanism proposed, also appeared 
to be unsatisfactory. This mechanism could not explain 
the formation of deoxybenzoin nor did it rationalize the 
Literate rOoumatcion, of the sieast stable radical 5 (Scheme 
18 5) Bs 

It appeared that the lead tetraacetate-hydrogen 
fluoride reagent should potentially be of synthetic use 
in the fluorination of olefins. The yields from the 
reaction are generally satisfactory, the starting materi- 
als are readily accessible and the equipment is standard. 
However, the mechanistic conclusions reached by the 


previous workers are. inconsistent in that a mechanism 





Ove 
proposed for one system cannot be used to predict the 
products in another system, This inconsistency limits 
the general usefulness of this reagent. Moreover, the 
possibility that this reagent could act as a free-radical 
chain fluorinating agent analogous to the iodobenzene 
dichloride chlorinating agent required investigation. It 
was these considerations that prompted the study of the 
reaction of the lead tetraacetate-hydrogen fluoride 


reagent with several selected olefins. 
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The Reaction of 1,1-Diphenylethylene with Lead Tetraace- 


tate-Hydrogen Fluoride 


i order to Sstandardrzenthe icondrtions necessary for 
the study of the reaction mechanism of the reagent with an 
olefin, the fluorination of 1,l-diphenylethylene was rein- 
vestigated. The reaction was carried out by a method 


Similar to that described by Bornstein me 


with the excep- 
tion that methylene chloride (rather than chloroform) was 
used as solvent for the reaction. To enable one to follow 


the reaction by gas liquid partition chromatography (glpc) 


and to determine the quantity of the products formed, 
"Freon 112" was added as an internal standard. The molar 
amount of the major product (1,1-difluoro-1,2-diphenyl- 
ethane - compound 3) was determined using a standard cali- 


bration curve (see Appendix for an example). 


Reaction mixtures were quenched after varying reaction 
times and subjected to gloc analysis. A reaction that had 
been run for one minute showed only three volatile com- 
ponents. A comparison Of the glipc retention times of the 
materials indicated that they were the major product 3, 
unreactea Starting Material and a minor product. The 
starting material was shown to have reacted to 90% and 
the. area ratiozof the major: productsto- the. minor product 


was 1.6:1. It was assumed that the area ratio was equival- 
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ent to the mole ratio so that the molar amount of the minor 
product could be estimated. 

A second reaction which was quenched after five min- 
utés reaction time showed that 93% of the starting material 
had reacted. The minor product had diminished in area but a 
new compound with a retention time shorter than that of the 
minor product had appeared. A comparison of the glpc reten- 
tion time of this new material with that of an authentic 


sample of deoxybenzoin, indicated that this material was 
deoxybenzoin. 


The reaction was repeated and quenched at various 
reaction times. The results of these reactions: are tabu- 
lated in Table I. Throughout these reactions, the amount 
of deoxybenzoin increased at the expense of its precursor. 
The glpc area ratio of 3 to deoxybenzoin plus its precur- 
Serewas found cOpoe 1.5% 15 

TiewproductssOL tie reaction, were: collected by 
preparative glpc and the identifications of 3 and deoxy- 
benzoin were confirmed by comparison of their infrared 
(ir) spectra with those of the authentic materials. The 
precursor, 9, of deoxybenzoin could be collected admixed 
with some deoxybenzoin. The ir spectrum of 9 showed 
strong absorption peaks at 1760 and 1211 cm? which are 
characteristic of an acetate. Its mass spectrum gave as 
the highest significant fragment (>0.5%) a peak at m/e 


238 and a satellite peak at m/e 239 whose ratio (100718) 
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TABLE I 


The Yields of Products from the Reaction of 1,1-Diphenyl- 
ethylene at Various Reaction Times 
er ee eh ONS 


O 


if 
Ph.C=CH, => PhCcF.CH,Ph a Ph (OAc) FCH,Ph + PhCCH,Ph 





A B Cc D 
Reaction time Molar Yields of Products 
(minutes) A B C+D 
0 On 056 0 0 
af 0.006 O5028 Opisiey 
5 0.004 0.028 05018 
45 0 G0 29 OF 09 
25 0 OR029 OF O19 
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is consistent with a Cr 6 Hy 9 ion. This has been assigned 
the mass ofthe parent ion minus hydrogen fluoride or 
acetic acid. The structure of the precursor to deoxyben- 
zoin has been tentatively proposed to be either l-acetoxy- 
1-fluoro-1,2-diphenylethane (9a) or 1,1-diacetoxy-1,2-di- 
phenylethane (9b). 

The precursor could have had one of the nine possible 


structures listed below. Compound iv had been prepared by 


PhCF (OAc) CH,Ph PhC (OAc) .CH.,Ph PhCH (OAc) CHFPh 
9a 9b ok 

PhCH (OAc)CH(OAc)Ph  PhC(OAc) =CHPh PhC=CH (OAc) 
cs 10 sata 

PhC (OAc) CHF PhC (OAc) CH, (OAc) Ph,CFCH, (OAc) 
Lv V Vi 


nN ~ vn 


Bornstein a and subjected, tO the reaction conditions. It 
was found that this compound gave a 36% yield of 1,2-di- 
fluoro-1,1-diphenylethane. No deoxybenzoin was reported 
to have resulted from this reaction. Therefore this 
compound could be ruled out as a possible precursor to 
deoxybenzoin. 

The enol acetate, 10, was prepared and subjected to 
the reaction conditions. No trace of deoxybenzoin or 3 
was observed. Hence 10 could be eliminated as a possible 


precursor to deoxybenzoin. Since, on mechanistic grounds 
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compounds i, i1, 1ii, and v can yield deoxybenzoin only 
vta the intermediacy of 10 or its protonated analog (see 


Scheme IV), these compounds can also be eliminated as the 


SCHEME IV 
i. 
Cc 
feos 
Phe 4 Of o) + 
| | -H 
H——-C-——_C——-Ph --——> H———C——_C——-Ph wae 10 
ian | are: 25 
OAc F Ph H 
i Vid 
H H 
| | =H" 
Ph——C——C——Ph —— ‘yall was 10 
Paee | a Pee io 
OAc OAc 
T15 
Beery 0 Poe ie 
C=C ts Ph——C-—-C——H -—~ vii -—-—~ 10 
a ad Sea EBS ~~ 
Ves Oe eet ae 
Ph H H 
reabs & 
Ph OAc Ph : 
| | + | -H 
Ph—C——-C——_H —~ Ph——C——C——H Ee LO 
| eis one enSEtR ‘a 
OAc H OAc 
Vv 


Structure Of the, precursor se otluctite a1 cosy old acon 


benzoin, must proceed through the intermediacy of the 
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proconated form of 10 or through an intermediate that could 
as well yield 3 (Scheme V). Since the ratio of 3 to deoxy- 
benzoin and its precursor remained constant throughout the 
course Of the reaction, structure ve could also be elimin- 


ated as the deoxybenzoin precursor. 


SCHEME V 

+ ie 

Ph-C-CH_ Ph ——= LO 
| 2 Sage nw 
OAc +H 

Ph 5CFCH,OAc 
ve ss Y~ i 

fay tebe 2 SSS sa a ol 

F F 
Noe Ee) Pa eS) 


KK 
H} 
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It appears that only one precursor to deoxybenzoin is 
involved since only one signal for it was observed in the 
gipemichanrtie Moreover rtherratio of 3 to deoxybenzoin and 
its precursor remained the same throughout the reaction 
time, also indicating that only one precursor is involved. 
The precursor had nearly the same retention time as deoxy- 
benzoin indicating that it is probably 9a rather than 9b. 
The ir data are consistent with these observations (see 


Table Xapage 63). 
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Along with the products mentioned, two very minor 
products were observed. These products were found to have 
the same retention time as 3-methyl-1,1,3-triphenylindane 
(11) and 1,4-difluoro-1,1,4,4-tetraphenylbutane (4). The 
yields of these products were estimated to be 1% and 1.53 
respectively. From an experiment in which the products were 


isolated, 4 was obtained in a 1.5% yield. 


7ihe Reaction of Norbornene with Lead Tetraacetate-Hydrogen 
| Fluoride. 

Norbornene (12) waS allowed to react with the lead tet- 
maacctate, (LTA), — hydrogen. flucride (HF) reagent. A-total of 
twelve products were isolated from the reaction. The total 
Vreid (Ore tiese 12 preducts correspond to A01? of the) starting 
Material. Analysis of the reaction mixture by glpc using 


“Freon 112" as an internal standard gave the yields (based on 
nobornene consumed) which are listed in Table II. 

The products of the reaction were collected by prepara- 
tive glpc. The structures of compounds 13, 17, and is 
were assigned by comparison of their ir spectra with those 
of authentic samples prepared by known pathways. An 
authentic sample of compound i4 was prepared by the addition 
Oferta Lo i2. The compound prepared in this way had a nuclear 
magnetic resonance (nmr) spectrum identical to that published 
for compound Lie Compounds 23 and 24 were isolated as a 


1:3 mixture (nmr integration) from the reaction of LTA with 


I2>in acétic acid. The ar and nmr spectra of this mixture 
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The Products and Their Yields Obtained from the’ Reaction 


of Norbornene with LTA-HF 


di is 
Ee ig 
Be ie 


23 (103) AT CES) Secs 3) Hii (CRS) 
F Er 

OAc AOAC S ,OAc OAc 

Bie Gi 3) TS? (0=52) 19 (52) 20 (153) 

AcO ) OAc AcO OAc 
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BGS). 


Were tcdencrcal=to those*or the material, having the same 
retention time, isolated from the reaction of LTA-HF 
with 12. (For physical constants, ir, and nmr Spectra or 
compounds 23 and 24, see Baird and Buza.7/) 

Compounds 15 and 16 were shown to be difluoronorborn- 
anes on the basis of their microanalyses and their nmr 
Spectra, It was evident from the integrated nmr spectra 
that both difluorides had two non-equivalent fluorine 
pocOms each attached" toma carbon carrying a hydrogen. The 
base promoted dehydrofluorination (Scheme VI) yielded two 


different monosubstituted norbornenes 25 and 26. 
SCHEME ve 


F 
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Ay 2s 
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16 26 


The nmr spectra of 25 and 26 both showed two vinyl 


hydrogens and a hydrogen attached to a carbon CAEny 2. ng ad 
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fluorine, thereby establishing that compounds 15 and 16 
are not vicinal difluorides. The hydrogenation of both 
25 and 26 yielded the same monofluoronorbornane, 27. 

This firmly establishes that both IS and 16 are 2,7-di- 
fluoronorbornanes and that compound 27 must be 7-fluoro- 
norbornane. The stereochemistry of the substituents in 
compounds 15, 16, 25, and 26 could be established from 
their nmr spectra, and their structural assignments as 

aie Uleas that. Cf 27 could likewise be confirmed spectrally. 
The chemical evidence demands that 15 and 16 must be 

One Of four sets of isomeric pairs of e@pimeric difluorides 


listed below. 


and - and g 


ry 


and : and 


The nmr spectra of 15 and bo (See Figures. andert) 
are compared with those of their halogenated analogs tabu- 


latedsins Tables Lie, 
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' FIGURE I Nmr Spectrum of 2-exo-7-antt-difluoronorbornane 


in CCl, Solution at 100 Mc/s. 
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Of the two hydrogens which are geminate to the fluorine 
in both 15 and 16, the low field absorption can be assigned 
to the C-7 hydrogen by analogy with the assignments made 
for their halogenated analogs. 

The endo-C-2 hydrogen of 15 shows a large geminal 
Coup Ling due scOm ene =. uoeimemtosgive facdoublet. (J = 58 
cps), vicinal couplings due to the exo- and endo-C-3 
NydeoOgels , wa sia eaVvrCrnaus coupling duesto_the C-l hydro-— 
‘gen and a long range coupling due to the antt-C-7 fluorine 
(W effect) causing each branch of the doublet to appear 
esvattulcrplet. oimi lam Couplings for sthe sendo—C-—2 hydro 
gens are seen for all the other compounds listed in Table 
III with the qualifications that only 15 has present the 
mone Tange, Coupling to thesan72-C—/erluorane and that the 
farge geminal fluorine coupling is present only in the 
compounds containing a C=2 “fluorine. 

Now that the’ stereochemistry at C-2 for both 15 and 
16 had been established, an analysis of the nmr spectra of 
the epimeric dehydrofluorination products 25 and 26 
allowed the “assignment of the Stereochemistry at C~7 for 


Sach dt tino erde. = tneinmrispectrum Of 2Z5ashows the C-—7/ 





* 
We wish to thank Professor E. W. Warnhoff of the 


University of Western Ontario for making the spectra of 
the bromine containing analogs of 15 and 16 available 


to us prior to their publication. 
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hydrogen absorption to be centered at t 5.82 (doublet of 
broadened singlets, J = 60 cps; a =A Seps) i Thevumr 
Spectrum of 26 shows the C-7 hydrogen absorption to be 
centered at t 5.53. (doublet of broadened Singlets, J = 57 


Cops; W, 


6 


= 4 cps). The shift of the c-7 hydrogen absorp- 
ELOnmtomagher fieldbin the case Of 7-antt-fluoronorborn- 
ene (25) when compared to its epimer, 7-syn-fluoronorborn- 
ene (26), is expected since the C-7 hydrogen is shielded 
‘by the double bond in the case of a VarLletyeot simple 
antt-7-substituted norbornene derivatives, 79 

Further support for the stereochemical assignments 
of 25 and 26 was obtained from their mass Spectral frag- 
mentation patterns tabulated in Table Iv. Mass spectral 
analysis of 26 Showed a molecular ion at m/e 112. The 
first major fragmentation peak was at m/e 97 which cor- 
responds to (M5 ye), The same fragmentation was observed 
in the fragmentation of the parent hydrocarbon, norborn- 
eneq In the case of 25 the molecular ion could not be 
seen. The mass spectrum of this compound gave as the 
highest fragment a peak at m/e 93 which was also the base 
peak, This indicates the formation of a stable ion by the 
loss of the fluorine atom. Presumably the loss of fluorine 
in 23 is assisted by the antt-olefinic bond analogous to 
the stabilization which takes place upon solvolysis of 


antt-7-norbornenyl derivatives. ?? 
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Mass Spectral Fragmentation of the 7-Fluoronorbornenes 


Compound Fragmentation Pattern (Relative Abundance)?’ 
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The fluoro acetates 19, 20, 21, and 22 could be 
Separated and isolated with difficulty. Fluoro acetate 
22 could be collected admixed with a minor amount of 21. 
A nmr spectrum of 22 is consistent with the structure 7- 
syn-acetoxy-2-exo-fluoronorbornane. By analogy with the 
other products found in the reaction mixture, 21 is 
probably 7-antt-acetoxy-2-exo~fluoronorbornane. However, 
these assignments must remain speculative. 

Compounds 19 and 20 were both converted to 7-fluoro- 
norbornane (27) Dy pees reactions siown in seneme: Vil» ethus 
establishing the structures of both to be 2-acetoxy-7- 


fluoronorbornanes. The sterochemistry for the two fluoro 


acetates was established chemically and by nmr. 
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Whitham has shown that 7-antt-chloronorbornan—2-one 
is solvolysed by sodium methoxide - methanol to give 
exclusively 7-anti-methoxynorbornan-2-one while the epi- 
meric 7-syn-chloronorbornan-2-one does not react under 
these conditions. 7? Similarly, Gassman Ze has observed 
a rate enhancement of oe for the solvolysis of 7-antt- 
hydroxynorbornan-2-one p-toluenesulfonate. The sole DLO 
duct obtained from the ketone sulfonate solvolysis was 
-7-antt-—acetoxynorbornan-2-one. In both of these reactions, 
presumably the enolate (enol) of the ketone is involved 
in assisting the departure of the leaving group from the 
backside as shown in Scheme VIII. This participation 


results in the maintenance of stereochemistry prior to 


nucleophilic attack by the solvent. 
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When the fluoro ketone, 30, derived from 19, was sub- 
jected to solvolysis in sodium methoxide-methanol at 75° 
for 1l hours, a 95% yield of a single methoxy ketone (32) 


was obtained as shown in Scheme IX. 


SCHEME IX 


CH.O Ee AcO 


32 30 18) 


~~ ~~ ZNSE ND, 


Compound 32 had the same nmr and ir spectra as those of an 
authentic sample of 7-anti-methoxynorbornan-2-one . Com- 
pound 31 did not react when similarly treated. 

When compound 30 was subjected to acetolysis in dry 
acervcracid at 150°*for’ 800"hours 7a Single acetate was 
POENCewiney/os yreid, The rr ’spectrum of this acetate was 
identical to that of 7-antt-acetoxynorbornan-2-one ial 


When compound 31 was subjected to the same conditions, four 





* : 
We are indebted to Professor G. H. Whitham of Dyson Perrin 


Laboratory, Oxford for kindly providing us with the spectra 
of authentic compound 32 and to Professor P. G. Gassman of 
Ohio State University for kindly providing us with the ir 


Spectrum Of authentic compound 33). 
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products were formed in ea. 10% yield. These solvolysis 
eeactions establish the stereochemistry of the C-7 
fluorine as antt in compounds 19, 28, and 30, and syn in 
compounds 20, 29, and 31. 

To establish the stereochemistry at the C-2 position 
the nmr cas and ir) epectra of the fluoro alcohols 28 
and 29 were taken with and without added tris (dipivalometh- 
anato) europium (Eu(DPM) 3), appabamagnet tre shift ereagent. 
The results of this experiment are tabulated in Table V. 

Various workers have shown that organic compounds 
Hove nom unCc1 One GEOuUDSs sCOntarming non-bonded electron 
pairs are able to complex with rare earth chelates. This 
complexing results in induced pseudocontact shifts in the 
nmr spectrum of the organic compound ae The magnitude 
of the observed pseudocontact shift depends upon the 
distance from the metal ion to the proton in the metal 
chelate-organic substrate complex. The closer the proton 
eee touthe coordinating groups the greater will be its 
pseudocontact shift. The pseudocontact shift arises only 
through the magnetic dipolar field effects of unpaired 
electrons and does not affect the bonding electron density. 
Tilisetne, coupling constants are not, affected as they are 
field invariant. 

In the nmr spectra of compounds 28 and 29, CiewC yy, 
proton resonance can readily be assigned since it is the 


farthest downfield and is the only one showing a geminal 
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Chemical Shifts Observed for the Norbornyl Fluoro Alcohols 
eee nV = UOT O ALCONOLS 


with and without Added Eu (DPM) 3° 


Compound as Co-H i CoH 6 C4-FP 
(Say cps) (Sar cps) 
28 Soaalae? ad Gore Gao ARORA Gs) 
28 + Eu(DPM) ,~ 3.94 (57) 0.75 210.4 (57) 
29 See 4) or) 20027 3(54) 
29 + Eu(DPM) 4° 4.70 (54) Lei2 199.9 (54) 
(a) Spectra taken on a Varian A 56/60 Spectrometer 
(b) ppm from CFC1, 


(c) 5% Eu (DPM) 4 added 
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fiuenine coupling. »~ When .53 Eu(DPM) , is added to ccl, 
solutions One 28 and 29, the C-7 proton resonances for each 
compound are shifted downfield by the magnitudes shown in 
Table V. The large.shifts observed for the C-7 proton 
resonances in both these compounds establish the close 
proximity of the complexed alcohol function to the indicated 
proton and thereby establish the structure of both 28 

and 29 to be 2-exo-norborneols. 

The fluorine resonances in 28 and 29 are also 
affected by the shift reagent. The fluorine resonance of 
compound 29 is shifted downfield while the fluorine reson- 
ance of compound 28 is shifted upfield as shown in Table 
Wella ceeconfirms that the alcohol function isvexvo “in 
both 28 and 29. tiesobserved upfield shift, for the ant71- 
7-fluorine resonance in compound 28 is a phenomenon which 
is not understood at this time. 

The chemical evidence obtained from the solvolysis 
reactions on compounds 30 and 31 combined with the nmr 
spectral evidence obtained from compounds 28 and 29, 
unequivocally establishes the structure of compound 28 to 
be 7-antt-fluoro-2-exo-norborneol and 19 its acylated 
derivative, and the structure of compound 29 to be 7-syn- 
fluoro-2-exo-norborneol and 20 its acylated derivative. 

Since 1 is conceivable that the nortricyciy ll deriva= 
tives 13 and 17 could give rise to some of the products 


shown in Table II, these compounds were synthesized and 


- fye-t Md) G9 
7 a 





Shei 


subjected to the reaction conditions. Both were found to 


be Stable. 


The Reaction of Dibenzobicyclo[2.2.2]octatriene with LTA-HF 

The reaction of LTA-HF with di benvobwey.clol2 22 locta— 
triene (34) gave an 86% isolated yield of the three pro- 
ducts shown in Scheme X. The compounds were isolated by 
preparative thin layer chromatography. 


SCHEME X 


——— 








ie OAc 


36 (303%) 37 (243) 


Compound 37 was identified by comparing its melting 





34, 


point and nmr spectrum with those reported in the litera- 
ture. 7° 

Compound 36 was shown to be 2-exo-acetoxy-8-syn-fluoro- 
dibenzobicyclo[3.2.l]octadiene on the basis of its micro- 
analysis and its nmr spectrum.-Upon inspection of the nmr 
spectrum of compound 36, it immediately became apparent 
treat One Was dealing with the rearranged bicycio[3.2.1] 
ring system rather than with the unrearranged bicyclo 
(282.2), ring system. ~/ Once it was established that one 
was dealing with the rearranged [3.2.1] ring system, the 
steric arrangement at the C~8 and C-4 positions could be 
established by an examination of the proton coupling con- 
Stants. The observed coupling constants for a large 
aibas of 4— and s=dasubstituted dibenzobicyclo[3.2.1] 
octadienes are tabulated in Table VI. 

The nmr spectrum of 36 shows a doubtet at tw 4.324 
(J = 1.5 cps) assigned to the endo-2 proton, a doublet 
Opmeriplers at vt 4269 (Js = 53°CpSs; Boal 5 cps) assigned 
Lomiinewant?,—o proton, a doublet ati 17 6.037 (J = 35, cps) 
assigned to the C-5 proton, and a doublet of doublets at 
One Jen oC DS sad. = Lo CpSy-assignedeco:) ther C—1 
proton. These assignments could be made by comparing 
the coupling constants with those tabulated in Table VI. 
The endo-2 proton should appear as a doublet since it is 
coupled with the C-1 proton, the magnitude of the coupling 


constant being 2.3 toe2.3 cos. The cr 2-3) protconyshould 


6 x vf fi rps 1c] 
5 
i { 
: i P| 
[ 
i 
é 
i 4 
‘ 
bL)] te ©! 
— 
a 
4 
eS : > 
j 
4 
- 
1 p 
as 
° 
wt cat 
1 
i 
b 
4 : 
® 
f F : 
I a ut ' 
a 
af 7 16 





pall m be wy 
‘Pibewenios ¥ cl jit. Osi iL lity Be “<Wipgpess ae “4 +9 


BGS fest0s2 Sehuis ala ae B io 

















a a) 7 a “+ 


we -— Ne haha 





219) 





9Z BsOoUeTeTOET worZ peadepy (ze) 


co ea = cag 6 (uojZ01d g-uAs) peanatasaqns—g-74uH 
Ootge Cares oer a8 ep vT (uojZOrd g-23uy) peaAnatasqns-—g-uAs 
eer lee Ge ate i (uoz01d f-oxe) paeanaAtTysqns—p-opua 
G°O™+ SET = ie Git (uojZO0ad p-opue) pejnjtisqns-f-oxea 
(sd5) sjueqzsuop Buttdnop-  seTduexg Jo “ON: qusuebueIIY OTI03S 


opue 
i 9 








SOuUSTpeROO [T° 72° Ee] OTAADTGozuaqta 





peynqtasqns -g pue -p~ TOF sqzueqsuocD HhuttTdnop azoz senteA sbezsay 


pla aTavi 





~=aw ® ° mo © 


eae, eegases  S5t 


SOE TE 5 Rn me ee Fa 





36x 


appear as a doublet of triplets, the large coupling due 

to geminal H-F coupling and the small coupling due to 
coupling with the bridgehead protons, the magnitude of the 
small coupling constant being 4.6 to 5.6 cps. The C-5 
proton is coupled only with the anti-8 proton and there- 
fore should appear as a doublet. The C-1 proton is coupled 
with the antt-8 proton as well as with the endo-4 proton 
and therefore should appear as a doublet of doublets. The 
nmr spectrum of 36 compares well with those of other 2- 
eLo—aceeoxy—o—-syn—-halodibenzobicyclo[3.221]Joctadienes 
tabulated in Table VII. 

Compound 35 was shown to be 4-ex0-8-syn-difluoro- 
PrvenZzO0LTCyclo(s.2,l/)oCctedqiene on the basis of @ts micro— 
analysis and its nmr spectrum. On inspection of the nmr 
spectrum, it again became apparent that one was dealing 
Weciethe Tearrenged bicycio[3.2.1] ring system. ‘The 
nmr spectrum of compound 35 shows a doublet of triplets 


Sw tees. OL (J, = 54 cps; J, = 5 cps) assigned to the 


G 
antt-8 proton, a doublet of broadened singlets at 7+ 

4.58 (J, = 50 cps; Wy = 3 cps) assigned to the endo-4 
proton, a doublet at 1 5.87 (J = 5 eps) assigned to the 
Ce pLeGrOn seands ascoublet of miltiplets sate -7.16,. LOM deed 
cps) assigned to the C-5 proton. These assignments were 
made on the basis of a comparison of the observed coupling 


constants with those summarized in Table VI. The anti-8 


proton should.appear as, a doublet of triplets. The large 
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TABLE VII 


Proton Assignments for the exo-4-syn-8-Disubstituted Dibenzo- 


DLcvyoro wre Poctad ene System aah 





oe 
~~ 
Chemical Shifts (t)° 
i . de; 
Compound Acetate a (cps) 
endo antt 
4-H 8-H 5-H 1-H 
oe We ag ALPS oS 425 i OF 1G Wee ory Jig ee 
35 Jac small 
ye, =) al 
Xen Ys=- Cl Sig ihe Gehecs 623 aeO LU Jac =] 
Jy 9 =e. 4 
Ao yo OAC Ae Oe OG Ore Ore OL: 7.94 J -~ 4105 
37 Sig, deve 4507 % 
Ji = 9570 
i ee A324. 69 674 60S Te ok Jy Ss Ala 
5 
36 
Yo =— OAc Jig = 5 
Da Ee Onah Aes 50 62 30/ eee 03 ON) Tas st Thy ls 
VYa= COAG el 4.3 
be ad abe bopsBioy etn VAS} 6.3 SED USNS Jac a hes 
Y = OAc Ji ca pe yet) 
be kOe AR 4 fee yo 6.39 46.06 7.90 Jac = LU 
Y¥Y =. OAc Jig 7 =o ea 


(continued. ;-. ) 
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(b) 


(ec) 


(d) 


(e) 


(£) 


38. 


WABLESVL. (continued) 


Ween thesexcepcitons Or he date Lor compounds 35,36, 
and 37, the data in this table were taken from ref- 


erence 26, 


Horepurnoses fesimplitying this Table, all the com- 
pounds are designated as 4-substituted compounds, 
realizing that the numbering order changes for the 


acetate containing compounds. 
The chemical shifts for the aromatic protons are omitted. 
Geminal H-F coupling constants are reported in the text. 


Enewcoupling Constants reported Lor compounds 35, 36, 


and 37 were obtained from first ordér analysis. 





ote 


coupling is again due to geminal H-F coupling. “The small 
coupling of 1.3 to 2.3 cps due to the c-5 hydrogen is not 
resolved causing each branch of the doublet to appear as 
a broadened singlet. The C-1 proton should appear simply 
as a doublet due to coupling with the C-8 nydrogen we) Tis 
is observed even though each branch of the doublet shows 
some fine structure apparently due to coupling with the 
eyn—o tluorine,. “Whe C=5 proton appears. as a’ doublet of 
multiplets since it is coupled to the antti-8 PLOLOnM( dr — 
5 cps), the syn-8 fluorine (small), the endo-4 hydrogen 
(1.3 to 2.3 eps) and the exo-4 fluorine. Williamson 28 
has shown that vicinal proton-fluorine Spin-spin coupling 
is extremely dependent on the dihedral angle, the depend- 
ence being like vicinal proton-proton Spin-spin coupling - 
a Maximum at 0°, a minimum at 90°, and a maximum at 180° 
Pesevaiuessbeing ca. 31, 0, and 41 Cps respectively. Since 
the coupling between an exo-4 proton and a C-5 proton in 
tne dibenzebicyclo[3.2'.1jJoctadiene System 2S°4.6 to 5/6 
cps, a significant coupling between an exo-4 fluorine and 
a C-5 proton should be expected. This coupling was 
observed to be ca. 11 cps in compound 35. 

phe “structune-or 35 was further established by spin 
decoupling experiments. When the signal at t 5.87 (1-H) 
was irradiated, the signal at t 4.58 (antt-8-H) collapsed 
into a doublet of doublets. When the signal at t 6.10 


(5-H) was irradiated, both the signals at t 4.58 and 4.51 
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(endo-4-H) were affected. These results are consistent 
with structure 35. 

Solvolysis of Beran Ory acetic acid at 115° for 576 
hours resulted in the displacement of the c-4 fluorine and 
the formation of two compounds, 36 and 2-endo-acetoxy-8- 
syn-fluorodibenzobicyclo[3.2.l]octadiene (38) (see Scheme 
eee oem erat Oe inmce integration). The C-6 fluorine 
Worm co Perintacte (doublet of triplets, Ja.= 54 cps; J, = 5 
eps ater 4.65 “integrating for one PFOCON). sine signal due 
cO=LNeendo-2° proton in 36 was readily discernible (Table 


Vit). The exo-2 proton of 38 appeared as a doublet at ag 


3.73 (J = 5 cps)._The nmr data are in good agreement 


SCHEME Xi 


HOAc 
HIS SOR oy 6anrs. 
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with those of the chloro and bromo analogs of compounds 

36 and Beige For the epimeric 8-syn-halo-2-ex0- and endo- 
acetates, it was found that the antt-8 proton had the 

Same chemical shift in both isomers. The exo-2 proton 
resonance (endo - substituted) appeared at lower field than 
the endo-2 proton resonance (exo- substituted). The same 
mmr behaviour is observed for the fluoro analogs of these 
compounds. 

Along with the formation of compounds 36 and 38 from 

the solvolysisereaction, a minor amount (ea. 10%) of 

Bio tier compound was observed. The nmr data indicates that 
this is probably a substituted dibenzobicyclo[2.2.2]octa- 
_ diene (acetate resonance at t 8.12 - see reference 27). 

The results of the solvolysis reaction confirm that 

one is dealing with the rearranged dibenzobicyclo[3.2.1]- 
octadiene system. Had 35 been an unrearranged dibenzobi- 
cyclo[2.2.2]Joctadiene system it probably would not have 
solvolysed unless even more forcing conditions had been 
used. For example, it had been found that ezts- and trans- 
fp o-C1 CHLOrodtbenzoblcyclo|2.2.2)0ctadiene were Very 
resiseant) to solvolys@s=in acetic acids These compounds 
will readily solvolyze when silver acetate is added and 
the mixture heated under reflux for prolonged periods.*” 

On the other hand, the dichloro analog of 35 readily under- 


goes solvolysis in buffered acetic acid at 74.74° to give 


2-exo- and endo-acetoxy-8-syn-chlorodibenzobicyclo[3.2.1]- 
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octadiene (specific rate constant varied from 16 x Tome 


peCmotrors 3 10m: Beem due to the ieonerivetion of tne 


4-exo-chloride to the less reactive feeneoecionida) .* 
Under reversible conditions, solvolysis of the dibenzobi- 
evcolail2.2.4.) 0ctadiene system leads to rearrangement to 
the thermodynamically more stable dibenzobicyclo[2.2.2]- 
octadiene system.>~ This observation could possibly 
explain Phesrormati on Ofethe minor product arising from 


the solvolysis of 35, since the formation of HF could lead 


to reversible conditions in the solvolysis reaction. 
The Reaction of 1-Octene and 1-13¢-1-octene with LTA-HF 


é 


The synthesis of ven Gel -octene 1,100, was wcabnied) Out 


Nas cuclined aneSchame;XIi< ~ The posmuidonmor ychesslabel 
was confirmed by aac nmr spectroscopy (see Experimental 


Section). Upon reaction with LTA-HF, 39 gave a 90% yield 


SCHEME XII 


1, Mg/Et,0 hegee a LiAlH, 

R-CH,-Br ————_—-> -CH.- 
m Ba Oe, MENT 
+ 
Ja Hi /H-O 
AcCl 
ae Pee ae 

R-CH,, -*CH.,—OH ace R-CH .~*CH,-OAc 


> R-CH=*CH, R = n-hexyl 


las * indicates 13, 
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of seven products all in greater than 23 yield and a number 
of minor (<2%) products (see Figure Ill}. "Analysis of the 
reaction mixture by glpc using "Freon 112" as an internal 
Standard gave the yields (based on 39 consumed) which are 
Jeeted in Table Vill. 

The products of the reaction mixture were isolated 
by preparative glpc. The molecular structure of (arc. 
en eloycoar ane (40) was determined by comparison of 
its physical constants and ir spectrum with those of an 
unenriched authentic sample prepared by a known method. >? 
The position of the label in compound 40 was determined 
by ae nmr spectral studies. 

The proton decoupled Tele nmr spectrum of the difiluor— 
EdemiuechOw sea triplet centered at 23.25 ppm* (J = 28 cps). 


3 


This indicates that the C resonance is split by two 


equivalent fluorine atoms. The proton coupled rade nmr 


Spectrum shows a quadruplet of triplets ie =e OECD Se 


J, = 28 cps). The multiplicity and the magnitude as of 


ElecwcoOup i nosconstant indicate that there are three 
protons directly attached to the enriched carbon. The 
magnitude of the C-F coupling constant a indicates that 


the two fluorine atoms are vicinal to the labelled carbon. 


The ac nmr data unequivocally establish that the labelled 


Carbone pintienC— ly posi ti ongin 1-+3¢-2,2-difluorooctane. 


* 
Carbon-13 resonances are quoted as ppm from tetramethyl- 


Silane. 
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TABLE SV ULI 


'The Products’ and Their Yields Obtained from the Reaction of 


1-13c-1-octene with LTA-HF 


x * * * 
RCF,CH, RCH. CHF’, RCHP'CH.,F RCF (OAc) CH, 
40 (13%) 4l (348) 42 (6%) AS ee33:) 

* * a 
RCH. CHF (OAc) RCHFCH. (OAc) RCH (OAc) CH, (OAc) 
44 (15%) 45% 26:2 Se) A6 (7%) 


R = n-hexyl 


* indicates or 


(a) The position of the label was not determined in this 


compound. 
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The molecular structure of ep eee ecater 2" 


fluorooctane (45) was determined by the comparison of its 

ir spectrum and glpc retention time with those of the 

unenriched materials. The structure of the unenriched 

compound 45 was determined on the basis of its micro- 

endlyois,.irespectrum, 1y and ne ude (Slelciersaey. heel aie 

physical constants were compared with those reported in 

the literature.>> The position of the label in the 

fluoro acetate 45 was determined by a6 NMEy Spectral, studies. 
The proton decoupled aoc nme Spectrum Of 45 shows 

eecouplolecentered at 65.83) ppm (J = 23 cps), The proton 

coupled ote nmr spectrum shows a triplet of doublets 

(J, = 147 cps; ue - 23 Cps)- The large coupling constant 

can be assigned to the vile resonance split byethe two 

hydrogen atoms directly attached to the enriched carbon 

while the small coupling constant can be assigned to the 

ac Tesovance split by the fluorine atom attached. to 

Carbon vicinal to the enriched carbon. The nmr data is 


Consistent with that -of pees 


Cal-acetoxy-2-8 luorooctane. 
An authentic sample of unenriched 1,2-diacetoxy- 
octane (46) was prepared by hydrogen peroxide oxidation 
of l-octene in formic acid followed by acylation of the 
resultant diol. The ir spectrum of the compound prepared 


in this manner was found to be identical to that of 46 


isolated from the reaction mixture. 





Tie 


The molecular structure of eae ie dT eluate 


octane (41) was determined by the comparison of its ir 
Spectrum and glpc retention time with those of the un- 
enriched material. The unenriched material was shown to 
be a difluorinated octane on the basis of its microanalysis 
and its as and aoe nmr spectra. The proton nmr spectrum 
BHeWSmecthipleveOfitriplets centered at rt 4.29 (J = 57 
cps; J = 5 cps) which integrates for one hydrogen. The 
large coupling constant is due to the proton resonance 
being split by two geminal fluorine atoms while the small 
coupling constant is due to the proton resonance being 
split by two vicinal methylene hydrogens. These obser- 
vations are expected for the C-1 proton of the unenriched 
difluoride 41. The methylene protons in the C-2 position 
appear as a multiplet centered at’'1 8.1. In @ spin, de- 
GOuplingrexperiment, irradiation of this multiplet caused 
Pies Cie leat 4.29 to collapse into a. triplet, (J ="57 
cps). 

The 2p nmr spectrum of the unenriched’ compound 
41 shows a doublet of Eriplercecenterca at ilo. 37. pom 
(J =. 5/2CpS Utes 17 cps). since there is only one 
Signal, it follows that both fluorine atoms must be on 
the same carbon. The large coupling constant is due to the 
fluorine resonance being split by one geminal proton. 


* 


Fluorine resonances quoted as ppm from CFC1l.. 
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this doublet is further split into Crrp ers = by tive vrei mad 
methylene protons. The nmr data establish the unenriched 
compound 41 to be 1,1-difluorooctane. 

The position of the labelled carbon was determined 
by 136 nmr spectral studies. The proton decoupled sate nmr 
spectrum of compound 41 shows a triplet centered at 24.41 
ppm (gre Cocos. Ine =proton coup led Be nmr spectrum 
STOws@astriplec or triplets (J°= £28 cosy a =F19 cos) > 
This data shows that there are two protons directly 
attached to the labelled carbon and that there are two 
fluorine atoms attached to the carbon vicinal to the 
fanetted=carbon..ihat-the two fluorine atoms are vicinal 
Reece labet ted carbon *can be confirmed by inspection of 
the proton nmr spectrum of enriched compound 41. This 
shows that part of the multiplet centered at Tt 8.1 is 
See icoeaedounter (J ~-9125"cps). © Sincercompound 39-is 
only ca. 60% enriched with carbon-13, the nmr spectrum 
of 41 is essentially the spectrum of a 60:40 mixture of 


vw 


enriched and unenriched 41. If 41 had been 100% enriched, 
the signal at 1 8.1 would have appeared as a doublet of 
multiplets with J = 125 cps. However, since this compound 
is only 60% enriched, 60% of the multiplet is split into 

a doublet while 40% of the signal remains untouched. Thus 
the signal at t 8.1 (due to the C-2 methylene hydrogens) is 


a nominal 1:1:1 triplet. The large coupling constant 


indicates that the labelled carbon is in the C-2 position. 


ae ; 
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The combined nmr data unequivocally establish compound 41 


i 


to be 2— ~C-1,1-difluorooctane. 


eo CaS OM an lborooetane 


the-moleculartstructures of 11+ 
(42) was determined by the comparison of its ir spectrum 
and glpc retention time with those of the unenriched 
material. The unenriched material was shown to be a di- 
fluorinated octane on the basis CEA LtES* Microanalysis and 
LES ty and ton nmr spectra. The proton nmr spectrum of 
unenriched compound 42 shows a very broad multiplet 
centered at 15.5. This signal is tentatively assigned 
EOpene Ge2 protons J) The C-2) proton wilt be coupled with 
eegentinal fluorine atom ,Sa-vicinal’fluorine™ atom ,pand@ four 
Vicinal hydrogen atoms. Since C-2 is an asymmetric center, 
the C-2 hydrogen could couple diastereotopically with 
each of the adjacent methylene protons. °° The result 
would be a broad featureless signal. Overlapping this 
Signal is a doublet of doublets of doublets centered at t 
Beocwe Lise signal@is tentatively assigned to-the'’c-] 
PE@eOnS = 4 ine ly2-dist luorooctane; Vthese protons will -be 
coupled with a geminal fluorine atom (J = 49 cps), a 
Viermcal@eMorineratom=(J*=922 cps), "and*a vicinal proton 
(J = 4.5 cps). The combined signals centered at t 5.5 
and =a.62Pintéegrate for three: protons -confirming “that 
one fluorine atom must be on a terminal carbon while the 


other is on a methylene carbon. The nmr data is consistent 


with anunenriched compound having the structure 42. This is 
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reinforced by the ee nmr spectrum. 

The ae nmr spectrum of unenriched 42 shows two 
signals, a broad featureless multiplet centered at 189.5 
ppm and a twelve line signal centered at 230.7 ppm con- 
firming that the two fluorine atoms are on different 
carbons. The same arguments used to explain the multiplet 
in the proton nmr spectrum of unenriched compound 42 can 
be used to explain the multiplet in the . 2 nmr spectrum 
of unenriched compound 42, Therefore the multiplet is 
assigned to the C-2 fluorine resonance while the 12 line 
Signal can be assigned to the C-1 fluorine resonance. This 
resonance is split into a triplet by two geminal protons 
(3 t= 49 ¥cps)iceach branch of whichis further So bioweitO-a 
doubletaby tthe vicinal proton, (J = 22.1cps)i each branch of 
which is}stishl (further split into a doublet-by the vicinal 
fluorine satom GJ =+b5 eps). 

The position of the carbon-13 label in compound 42 
can be determined by vere nmr spectral studies. The proton 
decoupled nmr spectrum shows a doublet of doublets 
centered at 84.45 ppmeGdiee abi4Zecps'pr t2a24acos):-nethe 
proton coupled spectrum shows 10 lines in the intensity ratio 
Cie les bs 273, eas 2 ls bay ithe }carbons!] 3eresonance ain 
ieee Si? de ier aoctane would be split into a doublet by 
a geminal fluorine atom (J = 174 cps) each branch of which 
would be further split into a triplet by the two geminal 


protons (J = 150 cps) each branch of which is still further 
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split into a doublet by the vicinal fluorine atom (J = 24 
cps) leading to the observed spectrum. The combined nmr 


data unequivocally establish compound 42 to be i eee 


difluorooctane. - The Pe nmr data obtained from compounds 
So eA Ur, eae 42, and 45 ace compiled an) Table IX. 

The compound, Ml gee ce to y22 sel wor cocrane (43) 
could not be isolated. The molecular structure of 43 was 
established primarily on the basis of the proton nmr 
spectrum of its unenriched analog obtained from the 
reaction Of 1-octene with LTA-HF. One would expect the 
C-temethyl resonance of unenriched 43 to be drawn downfield 
by the electron withdrawing groups at C-2, and to be split 
jnitOea doublet by Ehe C-2 Fluorine atom. “In the nmr 
spectrum of 43, Ebr sesi cna l appears vatwtu c.35  (Je= 19°Cps) . 

The assignment of 2-acetoxy-2-fluorooctane was 
PMiccunet based son its ir spectrum. The ir spectrum of 


1 


unenriched 43 shows a carbonyl frequency at 1770 cm ~ and 


carbon-oxygen stretching frequency at 1225 cm +. this is 
a shift to higher wave number for the carbonyl frequency 
and a shift to lower wave number for the carbon-oxygen 
stretching frequency when compared to the ir spectrum of 
2-acetoxyoctane (see Table X). This same behaviour was 
seen for other geminal fluoro acetates. 

Furthermore, the unenriched fluoro acetate 43 


tended to decompose upon standing or when too much of it 


was injected onto the glpc column. The decomposition 
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TABLE IX 


The Chemical Shifts and Coupling Constants Obtained from 
ee oe ee ee tg ONS Eanes sue cCalned 220M 


the Lig HME Spectranor ‘Carbon—13 Enriched Compounds 
a 
Seu peletsts 6 ppm J gem CF J sem CH aeete Cr 
cps cps cps 
39 114.46 ain: 154 
40 23 25 i239 28 
41 24.41 128 1K) 
42 84.45 174 150 24 
45 O5e/63 147 23 


nw 


(a) eeeehenzeal= snitt of -the Labelled. carbon downfield 


from TMS 





TABLE X 


Said 


Comparison of Carbonyl and Carbon-Oxygen Stretching Frequen- 


cies for Some Substituted and Unsubsti tuted Acetates* 


Compound 


l-acetoxy-1,2-diphenyl 
ethane 
t-Lluoro-l-acetoxy-1,2- 
diphenylethane 9a 


2-acetoxyoctane 


2-acetoxy-2-fluoro= 
octane 43 


l-acetoxyoctane 


l-acetoxy-l1-fluoro- 
octane 44 
l-acetoxy-2-fluoro- 
octane 45 

l-acetoxy-2 ,2-difluoro- 
OCEane 48 
1,2-diacetoxyoctane 


os 


(a) Spectra were taken as 1.5% CCl, solutions on 0.5 mm 


NaCl cells on a Perkin-Elmer 337 Grating Spectrometer; 


Carbony1” 


pereten, 


1740 


1760 


735 


UY 


1740 


1770 


1745 


So 


1740 


cim 


L 
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20 


2) 


Stretch, cm 


1240 


P21 


1243 


Ny 2's 


NSS) 


rise 


£230 


1243 


1225 
1240 


G Carbon-Oxygen™ 
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(Continued so.) 
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Footnotes toiTable x (continued) 
(b) Frequencies were calibrated against the 1601.4 om” 
peak of polystyrene. 


(c) The difference in wave numbers between the geminal 


Substituted and unsubstituted acetates. 





Speer 


product could be isolated and was shown to be 2-octanone by 
comparison of its ir and nmr spectra with those of an 
authentic sample. 

The enriched fluoro acetate 43 decomposed during the 
course of its isolation. The decomposition product was 
reduced with lithium aluminum hydride and shown to be enriched 
BeoceaiGmbysa COmMparison Of Tits ir spectrum with that of an 


A 


authentic sample of the unenriched alcohol. The “H nmr of the 


carbon-13 enriched 2-octanol shows a doublet of doublets 
Penmeercadrotmr o.05. (J = 125 cos; J)= 6 ecps)t The large 
eoupting —constant.is due to: the G-l- methyl hydrogens split by 
ear50n-l3. the small coupling constant is due to the C-1 
methyl hydrogens being split by the proton on the C-2 posi- 
tion. These nmr data establish that the labelled carbon 
Peminethe C-l position Of 2—-Octanol. The combined spectral 
data establish compound 43 COnbDe 1-13¢-2-acetoxy-2-fluoro- 
octane. 

The molecular structure of 2~13¢-1-acetoxy-1-£luoro- 
octane (44) was determined by the comparison of its ir 
spectrum and glpc retention time with those of the unenriched 
Macterval. The unenriched material was shown to be a fluoro— 


: : ‘ . ; a 
acetoxyoctane on the basis of its microanalysis and its H 


and 1°p nmr spectra. The proton nmr spectrum of the un- 


enriched material shows,a doublet of “triplets cenCered ater 


S tial (Tg = 56. CpS; We) = 5 cps) witch = ntedrates sor One 


te 
proton. The large coupling constant is due to the proton 


“O4ou i? 
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20%. 


resonance being split into a doublet by a geminal fluorine 
atom while the small coupling constant is due to the proton 
resonance being split by two methylene hydrogens. These 
observations are expected for the C-l proton of the unen- 
riched compound 44, 

The 19 nmr spectrum of unenriched compound 44 shows 
a doublet of triplets centered at~-128.62 ppm (Ts = 56 cps; 
J, = 17 cps). The large coupling constant is due to the 
fluorine resonance being split by one geminal proton while 
the small coupling constant is due to the fluorine reson- 
ence being Spliteinto a triplet by two vicinal methylene 
protons. The nmr data establish the unenriched compound 
44 to be l-acetoxy-1-fluorooctane. 

The enriched fluoro acetate 44 decomposed during the 
course of its isolation. The decomposition product was 
reduced with lithium aluminum hydride and shown to be l- 
Setaioln bya comparison Of 1tSeir spectrum with that of an 
authentic sample. The nmr of the carbon-13 enriched 1l- 
octanol shows a doublet of multiplets centered at Tt 8.4 
(J. = 125 arse The chemical shift establishes this doublet 
to be due to the C-2 methylene protons in enriched l-octanol. 
The large coupling constant is only seen for geminal eet 
coupling thereby: showing that the label in the enriched 1- 
octanol is in the C-2 position. The combined nmr data 


GS) 


establish compound 44 to be 2-""C-l-acetoxy-1-fluorooctane. 


The ir spectrum of compound 44 shows a carbonyl fre- 
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quency at 1770 cm and the carbon-oxygen stretching fre- 


quency at.1218 on This is a shift to higher wave number 
for the carbonyl frequency and a shift to lower wave number 
for the carbon-oxygen stretch frequency when compared to the 
ir spectrum of l-acetoxyoctane (see Table X). It has been 
found that a halogen attached to a carbon atom 8 to the 
carbonyl function of a ketone shifts the carbonyl frequency 
to higher wave number. >/ Much the same arrangement of atoms 
Occurs in a geminal fluoro acetate and a shift to higher 
wave number for the carbonyl frequency should be expected. 
The magnitude of this shift was found to be from 20 to 30 
ae This shift is attributed to the effect of the geminal 
fluorine atom since a vicinal fluorine atom or acetoxy group 
has little effect on either the carbonyl frequency or the 
carbon-oxygen stretching frequency as shown by the last 
three entries: in Table X although there is an appreciable 
shift observed for compound 48 having two fluorines on the 
B-carbon. These observations lend support to the argument 
that l-acetoxy-1-fluoro-1,2-diphenylethane is the precursor 
to the deoxybenzoin formed in the LTA-HF reaction with 1,1- 
diphenylethylene. 

From a reaction of unenriched l-octene with LTA-HF, 
the minor product 2-fluoro-l-octene (47) (see Figure IIT) 
could be collected admixed with 2,2-difluorooctane (40). 
The yield of a7 is estimated to be less than 0.5%. The ir 
i, 


spectrum of this mixture had an absorption peak at 1660 cm. 


which is indicative of an unsymmetric elerine* An nmr 





58 


spectrum of this mixture showed that olefinic hydrogens 
are present. It was found that 2-octene had the same glpc 
retention time as l-octene under the conditions employed 
thereby indicating that the olefin 47 is’ probably not an 
isomerized octene. On the basis of these observations, it 
is concluded that compound 47 is 2~fluoro-l-octene but 
this assignment must remain tentative. 

Also from a reaction of unenriched l-octene with 
LTA-HF, the minor product Leesan eckuaiee eee (48) 
pecen Gute EE) could be isolated. The yield of 43 is 
estimated to be about 0.5%. The proton nmr spectrum of 
compound 48 showed a two proton triplet at 1 5.84 (J = 12 
cps) and a three proton singlet at 1 7.93. .These signals 
Aas ns assigned to the C~-l hydrogens and the acetate methyl 
hydrogens respectively. The ir spectrum of this compound 
(see Table X) shows the carbonyl and carbon-oxygen stretch- 
ing frequencies expected for an acetate. The fluorine nmr 
spectrum shows a Single resonance (multiplet centered at 
Vesa or OOmeanareating that only, one type of fluorine is 
present. The combined spectral data are consistent with 
fate OrmomCOnmpoundsnaving the structure |-acetoxy—272-di— 


fluorooctane,. 
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General Mechanism 

Bornstein oa had found that PbF, did not react with 
Olefins unless glacial acetic acid was present. Prior to 
this work, it has been assumed that PbF, was the sole 
fluorinating agent in the LTA-HF reaction. Bornstein et al 
Suggested that the active fluorinating agent in the LTA-HF 
reaction was PbF. (OAc) 5. They had shown that this reagent 
is formed in the methathesis of PbF, with acetic acid and 
that this reagent does fluorinate olefins. However, there 
is still some doubt that this is the sole fluorinating 
agent or that this reagent leads to oxygen containing pro- 
ducts since the formation of deoxybenzoin was not re- 
ported. The formulation PbF (OAC) y_1 is the preferred 
formulation for the reagent since it is likely that due 
LOmuNemroo done tathesicmOF Chis -compound, all of the 
lead species from n = 0 to n = 4 are present in the 
reaction mixture. The generalized formula will be used 
in the remainder of this work. 

A generalized mechanism can be proposea to rationalize 
the formation of the products obtained from the. various 
olefins studied (see Scheme XIII). 


The first step of the reaction is the formation of 


a transient lead-ligand addition product, 50. 
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SCHEME XIII 


RoC =Chh +t PbF (OAc) ae mee Le Ga 


PbxX 
49 50 
0)... R'YCH-CHR" (1) 
Y, 
51 
1. 72 
[50] ———+ YCH-CHR'R" ———"+ YCH-CHR'R" (2) 
a | 
52 4 53 
+: =0 
LO] a - R'YC~CH.R"™ —_—_—_> ee a a cs) 
54 oe 
[50] Se eR TCHCHR (4) 
56 


nN 


NG i | endl op Beall O FAW es 


i= aenucieopni le 


mS 
| 


F_ (OAc) where m = 0-3. 
m 3-m 





aye Be. 


Metal—-ligand addition products (of the type represented by 
50 are well documented as intermediate species in the 


reactions of thallic acetate am thallic ni crate BO:, and 


Al 


mercuric acetate with olefins and have been suggested, 


but not isolated, as intermediates in the reaction of 


ue Witcieolefins. ~In the ease of lead— 


lead tetraacetate 
ligand adducts, it appears that the electron affinity of 
the quadricovalent lead is such that heterolysis cannot 
be prevented unless an exceptionally unfavourable carbon- 
ium ion results. Such a case is illustrated by phenyllead 
triacetate. ?° This compound can readily be isolated from 
the metathesis of LTA with diphenylmercury. However, 
when this same reaction is carried out with dineopentyl- 
mercury, the lead intermediate could not be isolated. 
Instead, 2-acetoxy-2-methylbutane and lead diacetate 
were isolated. The organic product strongly suggests thet 
a carbonium ion mechanism is involved and may be depicted 
as shown in Scheme XIV. 

The transient lead-ligand intermediate 50 can under- 
Gomaenumbecson Eeactions. »§ These are represented by 
equations 1-4 in Scheme XIII. All of these pathways will 


be discussed individually when applicable with respect to 


each Of tie Oleftins studied, 
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SCHEME XIV 


Ph-Hg-Ph + Pb(OAc) , ————> Ph-Pb (OAc) 


ra 


4 2 tpi Hg-OAc 


yee ee Pb (OAc) , 


(Me CCH.) ,Hg + Pb (OAc) , ————___—}> 


Me 
I~ fe 

[Me-C-CH,4Pb (OAc) ,] + Me,C~-CH.-Hg-OAc 
| 2 3 3 2 
Me | 


+ — 


Me ,C (OAc) -CH,-Me ——— Me,C-CH.Me - Pb (OAc) , 


Equation 1 represents a direct displacement of the 
lead species by a nucleophile. This pathway can be used 
tO rationalize the formation of the dimeric product isol- 
ated from the LTA-HF reaction with 1,1-diphenylethylene 
diam t ner tOrmatiome ot Iezaditiiluorooctane and l—dceLtoxy—2— 
fluorooctane isolated from the reaction of LTA-HF with 
f-ocrene,. 

Equation 2 shows heterolysis of the lead-carbon bond 
WLtO ConcomLtant Migration Of an alkyl 2On aryl groupe. 

a carbon bond to leave the cationic species 22. Thies 


intermediate is then attacked by a nucleophile to give 





a 
: wey 
| he etd 







o- 2 
ren 
P cide 


ie Seat 
eg 
a oy Sage 
re 


sare 
bass iGes 

“a ‘as 

| ly 

7) ¥ Pe - > 

‘72 ; 

nF 





635 


structure 53. This pathway can be used to rationalize 
the formation of the 1,1-disubstituted products isolated 
from the 1,l-diphenylethylene and l-octene systems and 
the formation of the 2,7-disubstituted products isolated 
from the norbornene system as well as the formation of the 
rearranged disubstituted products isolated from the LTA-HF 
Peace on with the dibenzopicyolo[2.2.2]octatriene system. 
Equation 3 shows heterolysis of the lead-carbon bond 
with coincident migration of a hydrogen to leave the cat- 
ionic species 54 which is then stabilized by attack of a 
nucleophile to yield structure 55. This pathway may be the 
one responsible for the formation of the 2,2-disubstituted 
products isolated from the reaction of LTA-HF with 1- 
octene, however, this process cannot be distinguished 
from an elimination—-readdition process in this system. 
Equation 4 shows heterolysis of the lead-carbon 
bond with coincident 1l0Ss of a proton to yield a new ole- 
fin having the structure 56. Olefin 96 could then react 
further with PbF (OAc) 4 _ to yielda new lead-ligand 
addition product analogous to the intermediate 50. This 
new intermediate could then undergo the same reactions 
represented by equations 1-4. This pathway can be used 
to rationalize the formation of l-acetoxy-2,2-difluoro- 
octane isolated from the LTA-HF reaction with l-octene. 
The new olefin 56 formed by this pathway could also add 


HE (Oreacetic acid) to*yield thee 2 -disubstituted products 
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isolated from the reaction of LTA-HF with l-octene. These 
possibilities will be discussed in connection with the 1- 
octene system. 

The lead-carbon bond could also homolyze to give a 
free-radical species such as that proposed by Bornstein 
A reaction pathway of this type had also been proposed in 


42b, 44 ,, : 
The preponderance 


the LTA oxidation of olefins. 
of products arising from carbon skeleton rearrangement in 
the LTA-HF reaction with the olefins studied, requires that 
emeocuonLcespecieos 1S involved as *an intermediate leading 
to product formation. However, this observation in itself 
GoecmnOrwcomplerely ule ouc™a homolytic pathway. Lf 


homolysis takes place, the free-radical formed could be 


Nea N We te : : : ; 
Oxidized by poe Giving sdecaLlonicispecies was Siownein 


Scheme XV. Interconversions of this type have been 
: 42b,45 aes 4 
reported to be facile. A mechanistic pathway of 
SCHEME XV 


Iv 


Pb ° + R° ————> Rie phic 


jy ge Gems Shoe Sasa 


this type can be ruled out in the dibenzobicyclo[2.2.2]- 


octatriene system and will be further discussed in con- 


nection with this system. 
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A Mechanism for the Reaction of LTA-HF with 1,1-Diphenyl- 
ethylene 
The mechanism which best explains the product form- 


ation in the 1,l-diphenylethylene system is shown in Scheme 


AVES SThertirst SstepVlor “the reaction 1s"the’ formation of 


SCHEME XVI 


Ph 
(a) : 
Ph,C=CH, ———____> phyc—cH H.C=CPh 
Jerk) : 2 Pee are 
PbX 
57 
(b) 
(a) 
+ “+ 
PhYC-CH.Ph Ph, ¥CCH.CH.CPh, 
DE ae 59/ 49 
PhYZC-CH,Ph Ph, YCCH,CH.CZPh,, 
Y= Ze2=F 3 Vee ek 4 
a eee AC 9 
¥ = Z = OAc 9b X = FL (OAc) 3_) 


m= 0-3 


the transient lead-ligand intermediate 57. This intermedi- 
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gue ts ceprcted as arising from Markoynikov addition of 
lead and a ligand across the double bond where the lead 
PoeClessiS tne efectropiblea, [nis 1s, analogous co the 
reaction of mercuric acetate with styrene in methanol sol- 
vent in which (?2-methoxy-2-phenylethyl)mercury acetate (60) 
Wace tiersOle 1sOlated addition product . ae The syn- 
thesis of highly substituted alcohols from the addition 

of mercuric acetate to olefins followed by sodium borohyd- 
ride reduction is based on the regiospecificity of this 
reaction. -” Similarly, when styrene is treated with thallium 
triacetate in methanol at 0° aa (2-methoxy~2-phenylethyl) - 
thallium diacetate (61) was formed in quantitative yield 


again showing Markovnikov addition. Intermediate 57 


readily explains the formation of all observed products. 


PhCH (OMe) CH, -Hg-OAc PhCH (OMe) CH,-T1 (OAc) , 


60 61 


~~ 


Products which could arise from anti-Markovnikov addition, 

for example, 1,2-difluoro-1,1-diphenylethane were not observed. 
| The intermediate 57 may react further by the two 

pathways shown in Scheme XVI. Pathway a shows heteroly- 

sis of the lead-carbon bond with concomitant phenyl 

migration to yield the carbonium ion 58. Ion 58 ie 

attacked by a nucleophile may yield the compounds 3, 9a 


and 9b. Alternatively, pathway b shows nucleophilic dis- 
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placement of the lead species by another olefin to give 
the ion 59 which can then be attacked by a nucleophile to 
yield the dimer 4. This pathway could as well have given 
rise to l-acetoxy-4-fluoro-1,1,4,4-tetraphenylbutane or 
1,4-diacetoxy-1,1,4,4-tetraphenylbutane. However, since 
it would be expected that these compounds would have 
TOrmecein ca. the same or” lower “yield 7than 4° (195%) =ino 
attempt was made to identify these products. 

At low temperature, the dimer 1,4-difluoro-1,1,4,4- 
tetraphenylbutane is predominantly formed. A tentative 
rationalization can be that the carbon-lead bond is a 
tentative rationalization can be that the carbon-lead bond 
does not undergo heterolysis at lower temperatures and the 


reaction only proceeds by nucleophilic displacement, in 
this case the olefin acts as the nucleophile. 
Thesiormationsof!a) smallaamount,of S-methyi-1,1,3-— 
triphenylindane undoubtedly arises from the acid catalysed 
dimerization of 1,1-diphenylethylene. The indane is 


: : 49 
synthesized in this manner. 


A Mechanism for the Reaction of LTA-HF with Norbornene 
TWhemo@dat von On the, picyculc Oveliny =noLbornene, 
12, has been used as a mechanistic probe to elucidate the 


: : 4la 
mechanism and stereochemistry of oxymercuration ; 


: 42 ; , 
thallic acetate ee, and lead tetraacetate ““* oxidation 
reactions, . It is possible from the, identification of .the 


oxidation products to differentiate between the possible 


mechanistic pathways leading to products, i.e., 1) a 
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concerted cis-molecular addition, 2) a free radical oxid- 
ation or, 3) a reaction pathway proceeding vita cationic 
intermediates. 

The products isolated from the reaction of 12 with 
LTA-HF can best be rationalized by the mechanism shown in 
scheme XVII. The first step of the reaction is the form- 
ation Of a cts-exo addition product (62) of a lead species 
and a ligand across the double bond. Stable ecis-exo 
metal-ligand addition products analogous to 62 have been 


Ba 4la 


isolated from oxythallation and oxymercuration 


reactions with 12. To account for this behavior, Traylor *1© 
suggests that in the case -oOfestraineds rigid olefins (e.g, 
bicyclo[2.1.ljhexy?t, bicyclo[2.2.lJheptyl and bicyclo- 
be. 2.2)octyl) métal salts”add to the double bond by a 
concerted pathway. These ets additions are explicable in 
terms of two factors. (1) The metal salt has a tendency to 
simultaneously bind the olefin and another nucleophile. 
This is depicted below. 
CaM Sa : os t Cc——M 
I+) = 3 perm ces on oh Sl 
(2) The geometrical restrictions of the olefin mey retard 


the rate of trans addition without greatly affecting the 
rate of cis addition..-It is unlikely that an-open carbon— 
ium ion pathway is used since the addition products always 


have the cts - exo geometry. 
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SCHEME XVII 
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Since all of the disubstituted products isolated 
from the LTA-HF reaction with 12 are rearranged 277—disub-— 
stituted norbornanes, and since no free-radical rearrange- 
ments in this system have been reported at ordinary 
temperatures 2°6 the mechanistic pathway leading to 
PrOUNets Must” bevawcatronreyone. “LE nomolyeis “Of =the 
lead-carbon bond takes place, it must be rapidly followed 
by an oxidation step of the type shown in Scheme XV. 

The cationic species thus formed can then undergo re- 
eerangement.* On the -other=hand; heterolysis of the Lead- 
eerpon bond can lead -directiy to -the products tvte “the 
pathways shown in Scheme XVIII.A clear distinction between 
these two possible pathways cannot be made in this system. 
However, evidence against this process can be obtained 
from the LTA-HF reaction with dibenzobicyclo[2.2.2]- 
octatriene. | 

Pathway a teéads to™the formation of nortricyciyl= 
fluoride (13) and nortricyclylacetate (17). The formation 
Gemnor trrcycly products Nas precedence Since= Tonic 
additions to norbornene generally lead to significant 
amounts of substituted nocericyeteness¢ 

Sinceycyclopropyl systemsihave been shown to reacc 


with LTA se: anasthallrve™acecate a and have very recently 


been shown to react with LTA-HF oes it became important 
to determine whether the nortricyclyl products were stable 


under the reaction conditions. Independent experiments 
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determined that both of these compounds were stable. 
Pathway b, by assisted heterolysis of the lead- 
carbon bond leads to the norbornyl cation 63, which can 
be attacked by a nucleophile at the carbon carrying the 
greatest share of the positive charge (that is, at the 
carbon furthest removed from the electronegative sub- 
Stituent). This results in the formation of the 7-syn-2- 
exo-disubstituted norbornanes 16, 20, 22, and 24, 
Alternatively, cation 63 can undergo a competitive 6,1- 
hydride shift to give cation 64, which upon nucleophilic 
attack at the more positively charged center (that is 
again at the carbon furthest removed from the electro- 
negative substituent) will yield the 7-anti-2-ex0-disub- 
stituted norbornanes i5, 19, 21, and 23. The 6,1-hydride 
shift has been established as leading to products in a 
number of ionic additions of norbornene, 18-19 
Cation 63 could also conceivably undergo a 6,2-hydride 
shift leading to the products shown in Scheme XVIII. Com- 


pounds having the structures 66 and 67 have recently been 


SCHEME XVIII 
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isolated from the bromination reaction of si once However, 
the 6,2-hydride shift would not be as facile as the 6,1- 
hydride shift in this system, since the electronegative 
character of ¥ destabilizes any positive charge at the C-2 
Centersinoibating the 6,2-hydride shift as well as in- 
hibiting nucleophilic attack at this center. The failure 
to find any products analogous to the structures 66 and 

67 ao welldeas the failure: to find any 2,3-disubstituted 
norbornanes (which would arise from nucleophilic attack 

at C-2 in cations 63 and 64) supports this postulate. 

The reaction of LTA with 12 in, acetic acid yields 
only three products, namely 17, 23, and 24. Simdlariy, 
when the thallic acetate adduct to 12 oe is dissolved 
in acetic acid the same three products were formed. It is 
interesting to note that the two nortricyclyl products 
and the eight 2,7-disubstituted products obtained from the 
LTA-HF reaction with 12 could all be derived from 17, 23, 
and 24 by maintaining the same stereochemistry but by 
using every possible combination of fluorine and acetate 
substitution. These analogies lend substantial support to 
the postulate that the LTA-HF reaction goes vta the initial 
formation of the adduct 62. 

The formation of a minor amount of 2-exo-fluoro- 
norbornane (14) probably arises from the addition of HF 
to 12 Since 14 was synthesized in this manner. Similarly 


the formation of 2-exo-norbornylacetate, 18, is probably 
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formed by an acid Catalyzed addition of acetic acid to 


thevdouble bond of I2. 


peliechvantsipy .Opeche sneaction Of NTA-HF swith "Dibenzobicyclo— 


{2.2.2]-octatriene 


This system was chosen because a study of the product 
formation offered the possibility to be able to distin- 
guish between a heterolytic lead-carbon bond cleavage and 
a homolytic lead-carbon bond cleavage followed by a facile 
oxidation step to give a cationic species. 

The dibenzobicyclo[2.2.2Joctatriene system has been 
used aS a diagnostic system for carbonium ion rearrange- 
ment.” Free-radical additions to this system yield 
7,8-disubstituted dibenzobicyclo[2.2.2]octadienes while a 
carbonium ion mechanism yields 4,8-disubstituted dibenzo- 
brevclo|3.2.b)O0ctadienes. Recently a free-radical 
addition reaction on this system has been reported 20 which 
was reported to lead to both unrearranged and rearranged 
products. The stereochemistry of the rearranged free- 
radical products obtained were either 8-syn-4-endo-disub- 
stituted or 8-anti-4-exo-disubstituted compounds. The 
products obtained from kinetically controlled ionic addi- 
tion to the double bond of 34 are invariably 8-syn-4-exz0- 
disubstituted compounds. Free-radical rearrangement pro- 
ducts could only be observed at high temperatures (>100°) 


and at low concentrations of transfer reagent. It does 
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not seem probable that any free-radical rearrangement 
could take place in this system under the conditions 
employed in the LTA-HF reaction (0° and a 1:1:3 mole ratio 
of substrate and reagents). However, some reservations 
must be expressed on this point. 

The mechanism which best explains the products 
obtained from the LTA-HF reaction with 34 is shown in 
Scheme XIX. Again the first step of the reaction is the 
formation of the czs-lead-ligand addition product 68. The 


cneeSW Es 
IsSeleesheefersy abigh es geitonodesmic Manner 


to yield the 
observed products. If the mechanism follows the concerted 
baociwayeOnlyetiessyn-etos Dreauccts can bel formed. —lrt the 
mechanism follows the stepwise pathway, the exo product 

is produced by kinetic control. It is possible to accommo- 
date the formation of exo (pseudoaxial) products by the 
assumption of stereoelectronic factors favoring the form- 
ation of quasiaxial over quasiequatorial ponds, i! oe 
Torsional strain effects offer an alternative explanation 
for exo-attack being favoured over een et ack tae 


The exclusive formation of 8-syn- 4-exo-disubstituted 


products requires a geitonodesmic reaction which in turn 


i Sade a a a I Ae rT a SN he: RAE rte = 
* e e 
A geitonodesmic reaction has been defined as one in 
which a reagent attacks a cation at an atom neighbouring 


the cationic center with coincident migration of the antzt 


bond to the cationic center. 
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requires a heterolytic lead-carbon bond cleavage. Had the 
lead-carbon bond cleaved homolytically and had the result- 
ant free-radical been rapidly and easily oxidized, then 
the stereospecificity of the products obtained in this 
System would most likely have been lost. This conclusion 
is plausible since there does not appear to be any reason 
to believe that an oxidation step should show any prefer- 
ence for either one side or the other of a free-radical. 
The implications of a homolysis-oxidation pathway is 
Summarized in Scheme XX. Nucleophilic attack on species 
69 would lead to the observed products, but nucleophilic 
attack on species 71 would lead to 8-ant7-4-ero-disubsti- 
tuted products. The failure to observe any products 
arising from species 1 Ueiiay sbe Ss Lakensas sevedence against 


the homolytic-oxidation pathway. 


mechanism fOu}the Reaction of LTA-HF with l—-Octene 

From the reaction of 1,1-diphenylethylene, the 
TOrmMacion Of the major product, 1,1—-ditluoro-1,2—-diphenyl-— 
ethane, indicated that a benzyl carbonium ion may be 
stabilized by a geminal fluorine atom. It would be inter- 
esting to determine whether this phenomenon could be 
ObServeduin aliphatic systems. It would also vbe or 
interest to determine if products analogous to deoxybenzoin 
and its precursor could be isolated in other systems. To 


this end the reaction of LTA-HF with l-octene was studied. 
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Preliminary work on this system indicated that some 
of the products formed could best be explained vita alkyl 
and hydrogen migration. In order to determine the correct- 
ness of the suggested mechanism, l-octene specifically 
labelled with sic in the one position was synthesized. 

The mechanism which can readily rationalize the formation 


Of Lhnerobsernved products Vand*the position of the’carbon-13 


Vabel is “shown” in Scheme XXL; 
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The products can again be rationalized by a mechanism 
which procedes vta the initial lead-ligand adduct, 72. 
The adduct 72 arises from Markovnikov addition analogous 
PO coat wseen an the reaction Of LTA-HY with 1, i-dipnenyl- 
ethylene. The intermedi ate™ cafi then react by the three 
paths Shown in Scheme XXI . 

Path a shows heterolysis of the lead-carbon bond 
with concomitant migration of the alkyl group. formally to 
leave the cation, 73, Which Zs then attacked by a nucleo-— 
piale te. give the products 41 and 44, 

Path b shows heterolysis of the lead-carbon bond 
with coincident migration of the hydrogen formally to leave 
cation 74 which is attacked by a nucleophile to give com- 
pounds 40 and 43. 

Path c represents a direct displacement mechanism 
leading to the compounds 42, 45, and 46. 

An alternate pathway to get to the 2,2-disubstituted 
products 40 and 43 is shown in Scheme XXII. The addition 
of HF to the olefin is a competing pathway in the reaction 
of LTA-HF with norbornene. The product arising from 
addition of HF to l-octene, 2-fluorooctane, was not observed 
in this reaction. However, the olefin a7 may well be 
activated towards protonation since there is evidence that 
a fluorine atom directly attached to a carbonium ion 


Stabilizes the carbonium ion (see below). A choice 
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SCHEME XXII 
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between the pathway of Scheme XXI and the pathway shown 
in Scheme XXII cannot be made at this time. To make this 
choice, the olefin 47 should be synthesized and subjected 
touthe, seaction conditions. An analysis of the products 
formed from this reaction may then offer a choice between 
these two pathways. A possible synthesis of 47 is outlined 
in the Appendix. 

The formation of the minor product loacetoxy—2;2-di-— 


fluorooctane (48), is rationalized as arising from the 
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reaction of the LTA-HF reagent with olefin oa (Scheme XXII). 
Undoubtedly the appearance of other minor products obtained 
from the reaction (see Figure ITT) ‘could be rationalized 
asearisang ine this ‘manner. 

The compounds 1,1-difluorooctane (42) and l-acetoxy- 
1-fluorooctane (44) make up 49% of the products obtained 
from the LTA-HF reaction with l-octene. The only satis- 
factory pathway leading to these compounds is shown as 
pathway a in Scheme XXI, The alkyl migration formally 
leaves a primary carbonium ion stabilized by a geminal 
fluorine atom. The stabilization of a carbonium ion Dy =a 
geminal fluorine atom is suggested by the addition of HF 
to acetylenes which invariably leads to geminal difluor- 
ides. For example, the addition of HF to 2-octyne 
resulted in a 87:13 mixture of 2,2-difluorooctane and 

60 


3,3-difluorooctane. A probable Scheme to account for 


this observation is shown in Scheme XXIII. 


SCHEME XXIII 
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The product formation suggests that the carbonium ion 75 
is more stable than the alternate carbonium ion 76. 

Pope leccropuiisc aromatie substitution, 1 is ound 
that fluorobenzene :reacts only slighly slower than 
benzene. °+ Fluorine acts as an ortho-para director. These 
results indicate that electron donation is important for 
FiNorine,-Ccven»more important than for the other halides 
despite the fact that these are more polarizable. A 
plausible reason for this could be the shortness of the 
C-F bond in aromatic systems (shorter than the carbon- 
carbon double bond ea and the Similar size of the carbon 
and fluorine p-orbitals. These same arguments could be 
used to explain the stability of the species 73 and 74. 

The formation of geminal fluoro acetates has not 
been previously reported although a number of geminal 
chloro and bromo acetates have been isolated.°? fe was 
found that primary geminal halo acetates were more stable 


towara yadrolysis than secondary geminal halo acetates. °* 


These same workers oo reported that secondary geminal halo 
esters decompose upon standing at room temperature. It 
would appear, from an examination of these data, that the 
geminal halo acetates derived from aldehydes are more 
Stable than those derived from ketones. The instability 
of these types of compounds has also been observed in 


this work. It was found that l-acetoxy-1-fluorooctane 


could quite readily be isolated whereas 2-acetoxy-2- 


i @ 
oh © 


i 1 a i. } 


—_ 


- — 7 7 


* : 
° a ey é 


. S “s : a - 
vices sviuielly) adt+ ait eee stom et 
li Ve : 7 7 


‘ae 


= 
‘ 
4) =) ae 2 
St r 
f 
/ 
‘ 
o- ht 
f vie por 
a? 
t j = 
i < © 
r r 
LIS 
tre ‘ 
’ 
1 &¢% e 
7 is 
Ps a 


* 


2s 


cole ge 


Jo 3$289 «2a 











ost qoloeewe? aed? 
Souls ll 


to Cored, <7 


- 5) 
a: ee ,ensae Sa 


> 


Ss 


rare: eid ~~ in 


Le 






83. 


fluorooctane was more difficult to isolate while the iso- 
lation of l-acetoxy-1-fluoro-1,2-diphenylethane was only 
partially successful. A mechanistic rationale explaining 
the instability of the geminal fluoro acetates is not 


avetlabie at this time. 


Unifying Concept 

It has been well established that oxymercuration of 
unstrained olefins gives trans mercury-acetate addition 
products but oxymercuration of strained bicyclic olefins 


gives ets mercury-acetate addition products. 1° TO 


account for this behavior, it has been postulated Sse 
that addition to unstrained olefins goes by carbonium ion 
pathways, cationic complexes, or termolecular additions 
while additions to strained rigid olefins go through a 
molecular ets addition pathway. Similarly, the addition 
of thallic acetate to norbornene ots also gave a ects 
eeuuUron sproductymAddition of thalliciacetate ito, .cyclo- 
hexene My gavee ly -di substituted sppoducts ,~.a “ing con- 
epaerea product. and an allylic exidation product. 

The formation of the 1,2-disubstituted products can 
best be explained by an initial trans addition of thallium 
and acetate across the double bond followed by heterolysis 
of the thallium-carbon bond with acetoxy participation 


and the formation of an acetoxonium ion (Scheme XXIV). 


The stereochemistry of these products could be controlled 


; ole nou © 


¢ 


- o 7 . 
— 7 
; (*. f—wReG apart 3a aoksel 


on A 19 Oe ower ylEnas 


os ne 1002 1e_« 


TOL aly i o. coless6 ari t 
4 ai 1 +? @ b=, 1 ay aS 


ae | ails ne eas 


















[U2h wr Sew SReTEEG 


o “Pet befetank ‘ava ” 
nie aiid 30 aide tae 


ow) Wee 
oe 43 sbi sf 
WLD an byelo beng b 


A iia > ava Saue 


Des! . e- nk i Mos 


i t 7 
<0 i i lim’ Bet 165 


‘ 


HOlsi Loa . -tobhery oe 


EJ 


oa’ 


ie we ye shed 


a 
—_ 






84. 
SCHEME XXIV 


T1(OAc) 5 


H 
> > 1,2-disubstituted 


O-+. O products 


7 


OAc 
OAc H 
T1(OAc) , C-_H (AcO) ,TL 
OAc ps i 
H OAc 


Pyesolvent.) In "dry" solvents, the products had the ¢rans 
Stereochemistry while in "wet" solvents the products had 
primarily the cts stereochemistry. Thus this reaction is 
analogous to the "wet" and "dry" Prevost reaction ou 

which does proceed via an acetoxonium ion. The Ying 
CQmereci von prodguct ecould arise Erom astrane ora cis 
addition to the double bond. This product requires that 
the thallium be in an equatorial position as shown in 
Scheme XIV, 

As has been pointed out, the products obtained from 
the reaction of LTA-HF with the bicyclic olefins, norbornene 
and dibenzobicyclo[2.2.2]octadiene can best be explained 
as arising from an initial ets addition of lead and a 
ligand to the double bond. The products arising from the 


LTA oxidation of norbornene’ are also best explained by the 
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initial ets addition of lead and an acetate across the 
double bond . ihe “stereochemistry of the! LTA oxi dation 

of cyclopentadiene can also be controlled in the same 
Sa eee eee Ferny fe i fae a bis Taper e en hon 
* this mechanistic pathway differs from that proposed by 
Rider aaa Alder's mechanism, shown in Scheme XXV, is 

less appealing as it requires the formation of a carbonium 
ion in the C-7 position. This is unfavorable since the 
bond angle in norbornane is normally 97° OSs while a car- 


bonium ion, being sp- hybridized desires a bond angle of 
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SCHEME. XXV. 
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fashion as the Prévost reaction a again suggesting that 
the reaction goes via a cyclic acetoxonium ion. The 
formation of this ion requires an initial trans addition 
of lead and an acetoxy group followed by lead-carbon bond 
heterolysis with acetoxy participation. 

The present work does not allow a statement on the 
stereochemistry of an initial lead-ligand addition product 
that would be obtained from the LTA-HF reaction with un- 
Seo tnedeolekins saa liistwil tibegthe subjecttofatuture work. 
However, in the light of the above’ discussion and the 
results obtained in this work, an alternate pathway to 
that proposed by Bowers for the fluorination of pregneno- 
lone acetate, 1, to give the etis-5a,6a0-difluoro compound 
2 (see Scheme I - page 5) can be proposed. Assuming that 
the stereochemistry of the difluoro compound 2 vs tcorrect 
(as it has not been rigorously established), the reaction 
could proceed via an initial trans addition of lead and a 
fluorine to give a trans 5a-fluoro-68-lead species which 
would be the normal ionic addition product of this com- 
pound. ° This would be followed py a second step, the 
displacement of the lead by another fluorine to give the 
eis-5a,6a-difluoride, 2. 

Similarly, the difluorinated ring contraction pro= 
duct 8, obtained from the reaction of the unsaturated 
sugar, di-O-acetyl-D-arabinal (7), with LTA-HF could arise 


by the mechanism shown in Scheme XXVI. 
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SCHEME XXVI 





+ 
O CHF 
bias Gn of airy 
= |-— | 8 
AcO OAc 





The first step of the reaction would be the formation of 
crew leedo—ii1gand addition product 77, by Markovnikov 
addition. The stereochemistry of the initial addition 
product is of no consequence in this Bar en ley case. 
HoOmgermtic Observed Ling contraction product 8, the lead 
must be in an equatorial position and ets to the acetoxy 
groups. 

Thus the postulated mechanism derived from the 
BosulLeesOr this work) can satistactorily account for all 


the observations made concerning the LTA-HF reaction with 


a number of structurally different olefins. 
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Materials 

Lead tetraacetate (LTA) was obtained from Alpha 
Inorganics and recrystallized from acetic acid/acetic an- 
hydride prior to use, Anhydrous hydrogen fluoride (HF) 
was obtained from Matheson, distilled, and used without 
further purification. Methylene chloride (reagent grade) 
Wosmaiscei1 Lied fromsphosphorusspentoxidesprier to use. 
1,1-Diphenylethylene was obtained from Aldrich Chemical 
GOemonaspurified by*distillation; through, ajone ft, Vigreaux 
column under reduced pressure, The fraction boiling from 
. 126-127° at 6.5 mm Hg was collected and shown by gas 
liguid partition chromatography (glpc) to contain three 
minor impurities (<2%). In subsequent reactions these 
EmpuGities did not.react.tosany extent... Norbornene was 
Sbeatnedatrom Aldrich) Chemical Co.wandspurified*by glpc 
(25 ft by 3/8 in SE-30 on Chromosorb W A/W) prior to use. 
1-Octene was research grade material (certified 99.73 mole 
per cent pure) obtained from Phillips Petroleum Co. and 
Wecdewichout, futherspuri fication.».Carbon=13. enriched 
barivumacarbonate, (analysis, 61,2,atompper;cent,C=13)swas 
obtained from Bio-Rad Laboratories, "Freon 112" was 
obtained from DuPont and distilled before use: bp 90.5° 


(710 mm). 
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Glpc Analysis 

Throughout the <course of this work, two glpc columns 
were used for both analytical and preparative purposes. 
Bhecesweresa LO pt eby 0.25070 102 SE-30.0on. Chromosorb 
W A/W column anda lO ft by 0.25 in 10% Carbowax 20M on 
Chromosorb W column. These will be referred to as Column 


Ayand Column B respectively, 


Reaction of 1,1-Diphenylethylene with LTA/HF 

In a 500 ml polyethylene bottle, previously dried in 
a vacuum oven at 45°, equipped with a "Teflon" coated 
magnetic stirring bar and protected by a calcium sulfate 
drying sett Seer prepared a solution of 50 g (0.11 mole) 
LTA in 100 ml dry methylene chloride. This solution was 
Seoltedero, Omandrouml (O53 molejPar was added. The re- 
Sultant solution was stirred at 0° for one hour, ‘To this 
Wasmesdcadsin One portiron, a 55 mi pre-cooled (02) dry 
methylene chloride solution, 1.06 M in 1,l-diphenylethylene 
Encore cJe teins Freon Li2”, The resultant reaction mixture 
Was Stirred for 1 minute at O° and: then quenched by pouring 
the mixture into a cold (0°) saturated potassium carbonate 
Solution. ‘The organic. layer was filtered through “Celite 
Filter Aid"; the aqueous layer was extracted with methylene 
chloride, the combined organic phases were washed in suc- 
cession with Lcecycie saturated sodium bicarbonate solution, 
water, and finally dried over anhydrous sodium sulfate. 


The reaction mixture was then subjected to glpc analysis 
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(Colum A Linearly programmed from 100° to 300° at 6° per 
minute). Analysis revealed that 90% of the starting mat- 
Prmalsnadereacted) and, that..two major volatile products had 
formed. The product with the shortest retention time was 
shown to be 1,1-difluoro-1,2-diphenylethane, 3, by compari- 
SOn Oratts retention time; and)infrared,.(ir))spectrumawith 
those of an authentic sample. From a calibration curve 
eocaaned by plotting, the mole ratio of 3/"Freon 1S 
against the area ratio of 3/"Freon 112" (see Appendix 

for an example), it was found that 0.028 mole of compound 

3 had been formed. The other major volatile component was 
pe@leted by prepaseative glpczsir (CC1,) 0 ENO) 2 

LOD Jae 00 om ?, The mass spectrum showed the highest m/e 
Pras Sawitheaesatellitesm/e at 239 which, wasalsssotum/e: 238 
Pmiercativesot a Cig structure: siiwo.miner products were 
observed which were shown to have the same retention time 
as 3-methyl-1,1,3-triphenylindane and 1,4-difluoro-1,1,4,4- 
tetraphenylbutane. The abundance of these materials was 
estimated by area measurements and found to represent ea, 
ieeanded oe or the volatile» products. 

The above procedure was repeated for 5, 45, and 125 
minute reaction times. See Table I for the results of 
these reactions. In these reactions it was found that the 
second major component partially decomposed to a third 
compound which upon isolation proved to be deoxybenzoin by 


comparison of its ir spectrum with that of an authentic 
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sample. 

RESOLUGCLOM, OLeo i. Gr GTO. bl (emo le feoL 6 eed Poneniy L— 
ethylene in 200 ml dry methylene chloride was added to a 
Cold (0 )pstirred selutron of 100 *g~(0l23"mole) saTAeand 
2m? (076 mole) HE in 200° ml dry methylene chloride: in 
the manner described previously. The reaction was quenched 
after 5 minutes reaction time and treated as described. 
The bulk of the solvent was removed by distillation through 
an 8 in Vigreaux column. The oily residue was kept at 0° 
overnight and the precipitate which formed was collected 
by filtration, sparingly washed with methylene chloride, 
and recrystallized -from hexane to yield 0.35 g (1.5%) of 
1,4-difluoro-1,1,4,4-tetraphenylbutane: mp 172-173° with 
decomposition*; nmr (DMSO-d_) Tero omlsing Lew 2 Omi); 
oeetctnglet, 4-H) m/e 398.1344" (calcd tor Co gHo yFo? 
398.1846). 

The residue was steam distilled, The first 1500 ml 


Of distillate was extracted with ether. The ether layer 











= 
Various melting point determinations of this compound 


resulted in melting points ranging from 160° to 2 Sarit 
always very sharp and always accompanied by decomposition 
tova yellow o1l. “Pornstein ad observed this same behavior 
and showed that the decomposition product was 1,1,4,4- 


tetraphenyl-1,3-butadiene. 
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was dried over anhydrous sodium sulfate. Glpc analysis 
revealed that compound 3 was the main component of the 
distillate. The ether was removed to yield a solid 
residue which was recrystallized from methanol to yield 


6.5 g (25%) of white crystals: mp 65-66° (lit. + 66°); nmr 


spectrum was identical to that reported on : Bes nmr 
(cbCc1l,) 95.85 ppm (CFC1,) ie Vet ea eG BCD Sur. 

tThewscecond 500; ml et .distijtlate was extracted with 
SelCawe [ie Cthen wassdriced over anhydrous sodium sulfate. 
Glpc analysis revealed that deoxybenzoin was the main com- 
ponent of the distillate. The ether was removed to yield 
PreOtlysresiaquewwalci owas crystallized strom methanol to 
fields oegqs (10%) OL white crystals shown to be cdeoxyben— 
ZO ene oveme tLe ing point, mexture melting point and comparison 
Of its iPr spectrum with that of an” authentic sample, 

On completion of the distillation, 5 g of polymeric 
material remained. The composition of this material was 
not analysed. 


Reaction of a-Stilbenol Acetate (10) with LTA/HF 


ieee ne reel ie ls Meso here ie eee 
Compound 10 was prepared by the method described by 


Barnes ea: top LU LOAS Gli t 01 2) ee AssOLUtLon, OfgsZ100 
qa(0..0L0smole).wywercon s 112 andi 15 0.0 @(0 301.05 mole) of 10 
in 25 ml dry methylene chloride was added to a cold (Once) > 


stirred solution of 10 g (0.022 mole) LTA and 1.2 ml 
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(0.06 mole) HF in 25 ml of dry methylene chloride in the 
manner described previously. The reaction was quenched 
after 125 minutes and treated as described previously. 
Glpc analysis (Column A linearly programmed from 100-300° 
at 6° per minute) revealed that 47% of the starting mat- 
erial had reacted and one volatile product had been formed. 
When deoxybenzoin was added to the reaction mixture, a 
new peak was observed in the glpc chart showing that the 
product WaS not deoxybenzoin. Thin layer chromatography 
Cemiiecttica gel Gr plate eluted with 10s CHCL,/CC1,) 
showed that three products had been formed all having 


longer retention times than deoxybenzoin, 


Reaction of Norbornene (12) with LTA/HF 





A solution of 10.6 g (0.114 mole) 12 and 4,05 g 
(7e020emoley) erreon 212% sin 100 ml dry methylene chloride 
was pre-cooled to -47° (m-xylene slush). This was added 
Toear ctrrreq@eo@lution of 35.9 (0.081 mole) LTA and 5 mi 
(0225 mole) Hr in 200 ml dry emeehyléne- chloride at —78° 
in the manner previously described. The reaction was 
quenched after one minute and the reaction mixture was 
treated in the manner previously described. The reaction 
mixture was analysed by glpc (Column A linearly programmed 
from 50° to 200° at 8° per minute)’ seroma calibration 


curve obtained by plotting the mole ratio of 12/"Freon dS 
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against the area ratio of 12/ "Freon LU Ttawas~ found 
that 0,048 mole of 12 had reacted. From a calibration 
curve constructed as described (Appendix) using compound 
16 andwebreon 8120 fat was found: that compounds 13, 14, 15, 
and 16 represent 63% of the products (based on the amount 
of 12 Gonsumed) iF romual calibretion: curveyconstructed «as 
described (Appendix) using compound 20 and "Freon 112", 
it was found that compounds i7, 18, 19, 20, al, 22, 23, 
and 24 represent 38% of the products. For the amount of 
each compound present see Table II. The products of 
the reaction were collected by preparative glpc (Colum B 
programmed from 100-200°). 


2-exr0-T-anti-Difluoronorbornane (15) 


Compound 15)1s a volatile, white, waxy solid: mp 


(sealed capillary) 107-110°; ir (CCl,) v 1059, 1078 em + 


(C-F aes : nmr (CCl y) see Figure 1; 19, nmr (CCl)) 


42,49 ppm (CpF¢) (doublet of multiplets, Jey = 58 cps); 
mcm 320 749 (calcd for CoH gFo? WES SG Verh g” Wellkels: 


for C E, PRG, Sh Ties well Tey OR ACIE sh nes 


GAGES 


7-antt-Fluoronorbornene (25) 


— aannmanmemmenmmnnaall 


To a 50 ml flask fitted with a magnetic stirrer and 
a reflux condenser was added 233 mg (1.7 mmole) of 15 
dissolved in 20 ml of dry dimethyl sulfoxide (DMSO). LO 


this was added 380 mg (3.4 mmole) of potassium tert- 
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butoxide. This mixture was heated to 120° with stirring 
for 24 nours. "since the product of the reaction was 
expected to be volatile, the exit of the reflux condenser 
was. connected: to a Dry Ice cold trap. . At the completion 
ofthe. reaction ,. the) contents, of/ the, cold “trap. were~dis- 
solved in ether and added to the cooled DMSO solution. The 
reaction mixture was poured into 50 ml of saturated aqueous 
sodium chloride solution and extracted with ether by 
Prousdsiigquid, extraction for, 24,hours.s j[heyexit, of the 
reflux condenser was again connected to a Dry Ice cold 
Grepscostrap any, vOolatile.material.. The ethereal ayer 

was washed with water and dried over anhydrous sodium 
sulfate. The bulk of the ether was removed by distillation 
through an 8 in Vigreaux column. The residue was analysed 
by glpc (Column B at 50°) and found to contain only 2 vola- 
tile components. These were collected by preparative glpc 
(same column and conditions as above) and found to be tert- 
butyl alcohol (ir) and compound 25. Compound 25 key) 
volatile, white, waxy solid: mp (sealed capillary) 56-57%; 
ir (CS,) v 3060, 1040, 709 em +; nmr (CC1,) t 4.05 (quartet, 
J = 2.2 cps, 2 H), 5.82 (doublet of broadened singlets, 

J5 = 60 cps, Wy = 4 cps ,- 10H) Wee siquartet; wees cecrs, 
2a) ree Mmultiplet,—2 H)y Sroestmnitiplet;e2 H); m/e 


(M-F)* 93.0704 (calcd for CjHg: 93.0704). 
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26. 


2-ex0-7-syn-Difluoronorbornane (16) and its Dehydrofluor- 
ooo a i a ER cea alli: Man eee 
ination to 7-syn-Fluoronorbornene (26) 

No 


Compound 16 is a volatile, white, waxy solid: mp 


(sealed capillary) 95-97°; ir (CCl,) v 1050, 1083 cm™+ 


eo 


(Crees cee tch)>. ninr (CCL) See’ Figure If; F nmr (CC1,) 


42.57 ppm (CpFe) (doublet of multiplets, Lhe 5G CDS): 


mee 132.0749 (calcd for C Myo rt Ol) eee Ceca Lcd 


ee oe 


BOOB Goi. we Le Oo oe OUunds Cy, 63.507) 1h 940% 


devor2s 

Dehydrofluorination was effected as for 15.  Glpe 
analysis (Column B at 50°) showed three volatile components, 
These were collected by preparative glpc and shown to be 
tert-butyl alcohol (ir), compound 16 (ir), and compound 26. 
Compound 26 is a volatile, white waxy solid: mp (sealed 
capillary) 56-57.5°; ix (CS,) v 3065, 1045, 711 cm; nmr 
(CC1,) Bere OZmusinglet, 27H) 5.55 (doublet or. broadened 
Singlets, J =O CUS , Wy, Se CUS Cle Low (Singlet, 
Petre oeoo (mb beip let, 2511), 9.0 (multiplet (2-H): m/e 


fie U6o 2a Caled. for CoHOF; PZ SUC SI 


Hydrogenation of 25 and 26 


To each of the residues obtained above was added 0.1 
g Adams Catalyst. The flask was cooled with ice and the 
contents stirred under one atmosphere of hydrogen for three 
hours... The catalyst was.filtered offseand the reaction 
mixture analyzed by glpc (Column B at 50°). Both 25 and 


26 gave the same hydrogenation product, 7-fluoronorbornane 


»~oX 
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(27) in 100% yield (determined by glpc using an internal 
standard). Compound 27 is an extremely volatile, white, 


waxy solid: mp (sealed capillary) 106-107°; ir (CS.) v 


1040 ome nmr (CC1,) t 5.31 (doublet of broadened sing- 


lets, J py OACp Ss AW, tees cos se EH) 7748 oo 8. 9 COR i: 
2 


mee 1A 8845. (calcd tor CoH 4 


Pimecon soo tivssources GavemiCcentical irispectra. 


Ped O845)05 samples of 


The Norbornylfluoro Acetates 

All the fluoro acetates had very similar glpc reten- 
tion times. A microanalysis of the mixture was taken. 
pee w Calcd fOr CoH, 3FO.: CO eae eerie) nO ee Ouliclea © 5 
62.69; H, 7.7/7. The acetates were collected by prepara- 





tive glpc (Column B at 180°). It was possible to collect 
7-syn-acetoxy-2-exo0-fluoronorbornane (22) admixed with a 
small amount of 7-antt-acetoxy-2-ex0-fluoronorbornane (21), 
and it was possible to collect 2-exo-acetoxy-7-antt—fluoro- 
norbornene (19) and 2-exo-acetoxy-7-syn-fluoronorbornane 


(20min thespure state. 


Fluoro Acetate 22 





Compound 22 is a coloblessmiliquiayir (CCl) Vv Og 455, 


y 


1242, 1063 cm +; nmr (CCl,) 1 5.44 (doublet of multiplets, 


dcp 52 cps, LH), 50 469 (broadened@singlet, W,, = 5 cps, 


VY, 9 8806+ (Singlet, 23 -HyM 70Gb —29.28\(9) H)e 
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Fluoro Acetate 19 





Compound 19 Loeemcoloricess liquid; 11 (CCl) V7 50% 
283 cm 7; nmr (CCl) tT 5.00 (doublet of broadened sing- 
lets, co To. Cps, Wye See CDS 7 le th), soe OOM MILT DLet, 
Peon Singlet, 38H), 6 7 .69-- 6-9 (Sh), 

Compound 19 was reduced to 7-antt-fluoro-2-ex0- 
norborneol (28) with lithium aluminum hydride (LAH). In 
emer yprcas «reaction 133 mg (05/7 mmole) of 19 was dissolved 
in 10 ml of anhydrous ether. This solution was added 
Slowly to a solution of 20 mg LAH in anhydrous ether. 
After addition of the ester the excess LAH was decomposed 
with water saturated ether. The resultant mixture was 
poured into 20 ml of 6 N HCl solution. The layers were 
separated and the aqueous portion extracted with ether. 
The combined ether fractions were washed in succession 
with water, saturated sodium bicarbonate solution, water, 
ard finally dried over anhydrous sodium sulfate. The 
enner was removed by distillation through an 8 in Vigreaux 
column. The yield of 28 was 95 mg (94%). Compound 28 was 
Duct ered oveq!pc=s(Column B at 130°) “and sublimed! at, 40° at 
0.1 mm Hg. Compound 28 is a white, waxy solid: mp (sealed 
capillary) 126.5 - 129°; ir (CCl,) v 3630 cm; nmr 
(CCl) tel oen dOub Lek of broadened sanglecaer, Ja = 57 cps, 
We = 5:cos, Leh), 60.35 (multiplet eh) oro oesingie. 


1 
3 
19 


EH) genders — a Ol ee GG aES ae Perini (CC1,) see Table’ V.i Anaad. 


Calcd for C_H.,FO: C, 64.59; H, 8.52. Found: C, 64.36; H, 
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99. 
8. 30% 


Oxidation of 28 to J-anti-Fluoronorbornan-2-one (30) 


nh 


The oxidation was carried out using Brown's Aetsnarhe 
Bypthis procedure 7,96, mg. (0.74 mmole) of 28 afforded 92 mg 
(96%) of 30. Compound 30 was purified by glpc (Column B 
Bisto0 %) and, sublimation, (40°. at 0.1 mm Hg). Compound 30 
is a white, waxy solid: mp (sealed Capillary)! LOA-1O0G5 > 
ix (CCl,) v 1751 cm"; nmr (CC1,) t 5.20 (doublet of 
broadened singlets, Jg = 56..cpsS, Wy, Say tees Qe aS 
SRS ene secalcd.for CH FO C, 6 50. Gel suet eee Ouie. 


Tag 
Hennide 1(C,8 6D 459-75 Hamlin. 


Solvolysis of 30 to J-anti-Methoxynorbornan-2-one (32) and 


J-anti-Acetoxynorbornan-2-one (3a)% 


reap ACD 


To 1.6 ml of 3%3 sodium methoxide-methanol solution 
was added 26 mg (0.2 mmole) of 30. This solution was 
sealed in an ampoule and heated to 75° for ie iours sacl pC 
analysis (Column A at 130°) revealed two volatile components. 
The minor one (ca. 5%) was shown by retention time to be 
30. The other material, 95%, was collected by preparative 
glpc (same column and conditions as above) and shown to be 
32 by comparison of its ir and nmr spectra with those of 
the authentic eerie 

The acetolysis of 30 was carried out by dissolving 


WS Dee InCiae tee mmole) of this material 77 105m. Gr1ed-acecic 
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acid (heated under reflux with acetic anhydride and cat- 
alytic amounts of sulfuric acid followed by distillation). 
This solution was buffered with 100 mg (1.2 mmole) of fused 
sodium acetate, The mixture was sealed in an ampoule and 
Dplacedyin al 50S bathy forss00shesurs..sTheireaction mixture 
was cooled and poured into 20 ml of ether. The ether sol- 
ution was washed several times with water, 10% sodium bi- 
carbonate solution, water, and finally dried over anhydrous 
sedium sulfate. “Analysis of the reaction mixture by glpc 
(eovumm= pe tinearly = programmed from*10Q0 Eo 170° at 10° per 
minute) showed that two components were present in the 
moliO 4 es both compounds were collected by preparative 
gi pe (same~™column and conditions as above). “The smaller 
component proved to” be “unreacted” 30 ~(ir) while the larger 
componente was shown to be 33 by~a comparison of its “ir a 
spectrum with that of theauthentic material. 

The ether was carefully removed by distillation through 
an 8 in Vigreaux column. By the integration of the nmr 
spectrum of the mixture, with an added standard, it was 


shown that 33 had been formed in 72% yield. 


~~~ 


Reduction of 30 to 27 


The reduction of the carbonyl function to a methylene 
group WaS carried out by the preparation of the thio-ketal 
of.30 followed by its heating to reflux with Raney Nickel 


74 


in the manner described by van Tamelen. The exit. of 


the reflux condenser was connected to a Dry Ice cold trap. 
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Gilperanalyars (Colum Bat 50°) with an added external 
standard revealed that only one volatile product was formed 
in ea. 60% yield. The reduction product was isolated by 
preparative glpc (same column and conditions as above) and 


Wes found to have an™ir®spectrum identical’ to that of 27. 


Fluoro Acetate 20 and its Derivatives 





Gomoounde20 eisec aco bor loscy Liquid: io 1.4544; ir 


(CCl,) v 1740, 1244, 1052 cm *; nmr (CC1,) t 5.32 (doublet 
of broadened singlets, Ja =) DOCDS,; an Se COG Waid oper 1413 0 
Meroe, = 5 cps lH) 18.06 (singlet, 3 Hh) pe? Oo: ea GO CHE: 
The LAH reduction of 144 mg (0.84 mmole) of 20 by ie 
procedure described above, yielded 92 mg (84%) of 7-syn- 
fluoro-2-exo-norborneol (29). Compound 29 is a white, waxy 
solid: mp (sealed capillary) 32-134 Sani (cCl,) Ve 6.0 Ua, 
30:89, 1052 emp nmr (CCl,) ZS sbi (coublet of doublets, 
me -6568coSs;, J =92 cps, 1H), 6.25 (broad singlet, Wy, = 14 


ify) 


eps ety, hs oe <2 COM He: F nmr (CCl ,) see Table V. 


Pool aGalcdmrOraCeh. .hO: .C,26.4.09 74H, 38s52. Found: C, 64.373 


pale 
Hy Si Oo. 

The oxidation of 47 mg (0.22 mmole) of 29 by Brown's 
method yielded 35 mg (76%) of 7-syn-£luoronorbornan-2~-one 
(31). Compound 31 is a white, waxy solid: mp (sealed 
gant liary) o1d55118° pei ve(CCl a) avpl Tolgcmias DUeRCCI, lag 
5.10 (doublet of quadruplets, Oe ee 5O.CDS , ae = 2COS y aektl) oy 


Ta3e-1827 US8sH). oAnaiscCalicdyfor CoH FO: CpG tO sae tl eile Uiics 
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POUNC Cy orrer as  tewe/e Obes 

The attempted base promoted solvolysis of 31 yielded 
only unreacted 31. 

Acetolysis of 31 was Carried out, under the identical 
conditions as for the acetolysis of 30. The reaction was 
Pulm OLer>02nOUrSs.- GlpGoanedysis (Column B linearly pro-— 
eeanmed crom L00>1 70° at) lO") per minute) cf the reaction 
mixture revealed that aside from the starting material, 3l, 
(ea590%) four new products were formed in a total yield of 
See eee ne TsO lation and characterization. of these 
products was not attempted. 

The reduction of the carbonyl in 31 Lowa, methylene 
Seoup by, van. tamelen s method gave a 606 yield of only 
Snes volacile product, (gipc analysis). The ir spectrum of 
eNVSomreouctr on proauct proved, to be identical’ to that of 


Zils 


Nmr Analysis of the Fluoro Alcohols 28 and 29 


Det 





An nmr sample was prepared using 168 mg (1.3 mmole) of 
29 drssolved- in 0.5 mL ccl,. Both the proton and 195, nmr 
were taken. Then a total of 40 mg (5.7 x te mmole) of 
tris (dipivalomethanato) europium (Eu (DPM) 5) was added and 
the spectra were again obtained. Similarly a solution of 
104 mg (0.8 mmole) of 28 in 0.5 m1 ccl, was prepared and the 


proton and nets nmr were obtained. Then a total of 30 mg 


(4 x Oe mmole) of Eu (DPM) 3 was added and the spectra were 
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again obtained. In both cases the mole YatLo of substrate: 
Eu(DPM) , was ca. 1:0.05. The nmr spectra were taken on a 


Varian A 56/60 Spectrophotometer. See Table V for results. 


Preparation and Reaction of Noctricyclyltlueride (13) and 


2 a a a a a 


Lda 





Compound 13 was prepared as reported by Hanack and 
Kaiser ee mo (sealed capillary) 52-54° (lit. 5 T- 58 
ir (CH,C1,) v 3080, 815, 803 emt; nmr (CC1 4) t 5.42 
(doubleteot triplets, hs ee 58 cps, J, = ? oacpsgalyh):, 
wmde=eoeo. (8GH) pim/erll270668 (calcamior CoH Ee 222.0668). 


9 
Wee PeaGalcderoriC HOP: 1G) 7499 7; MH, ) 8. 097 SF i Mm16294- Found: 


y Bre 
Cpe75 09; eNges .04,—-Frpel7. 04. 

A solution, pre-cooled to -78°, of 22 24mg (2emmole) 
of 13 and 306 mg (1.5 mmole) of "Freon iio" Eine “mi dry 
methylene chloride was added to a Stirredasolution Of 
900 mg (2 mmole) of LTA and 0.2 mi. (10 mmole), of HF in 10 
ml dry methylene chloride at =79°-- = This*miexture-was 
stirred at -78° for a period of one hour, quenched, and 
treated in the usual manner. It was found, aby Gspc 
analysis (Column A at $0), Ena the alea DaclLOrOL 13:"Freon 
112" was 0.91 + 0.03 before the reaction and 0.87 + 0.03 
after the reaction. Some products were formed but in 
amounts too small to be isolated and characterized. The 


peak designated as 13 was reisolated and shown to be the 


original material by comparison of its ir spectrum with 
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104. 


that~oL. the authentic material. 


Reaction of Nortricyclylacetate (17). with LTA -. HF 


Compound 17 was prepared as described by Cristol. 
Agsolutionp pre=cooled@zo.-78°9 of83s20emgn(2:11 
mmole) 17 and 343 mg (1.68 mmole) "Freon 112" mnie LO em) 
of dry methylene chloride was added to a stirred solution 
eee900tmg “2immole) LTA@and?022 mile(10°mmole) VHF inclo 
nm? O@fdrytmethylenetchioride: cooledctov=78°vV" This mix- 
ture was Stirred at -78° for a period of one hour, 
quenched, and treated in the usual manner. It was found, 
by gipc analysis_(Column A at 130°), that the area ratio 
Shelia hceon tl2™ was 1.47 + 0-03 before the reaction and 
fee Oe leatter-the-reaction.—-rhe-peak designated as 
17 was reisolated and its ir spectrum was found to be 


Tdaentical to that’ ot the authentic material, 


Preparation of 2-exo-7-syn-Diacetoxynorbornane (24). and 





2-ex0-7-antt-Diacetoxynorbornane (23) 





The method of preparation was that suggested by 
tee Tonassuspensponmol f100\.g (02 3tmole)eLTA gin 
700 ml acetic acid was added a solution of 11.2 g 
(OAL19) molejsth2 inflo00imkr of acetictacid. wetheeresulcant 
mixture was stirred for one hour at room temperature 
and then allowed to stand overnight. The reaction mix- 


ture was poured into 1500 ml of water and extracted with 
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methylene chloride. The methylene chloride solution was 
washed several times with water, saturated sodium bicar- 
bonate solution, and finally dried over anhydrous sodium 
sulfate. Glpc analysis (Column B programmed from 30 - 
100°) showed two product peaks. The smaller one (7.4% 
based on peak areas) was shown to be 17 by comparison of 
its retention time and ir spectrum with those of the 
authentic material. The larger peak (92.6%) was shown 
by nmr integration to be a mixture of compounds 24 and 23 
in the ratio of 3:1. A microanalysis of the mixture was 
EaneneeeAnal. ‘Calcd ror Ca 1H. -O Cy O62. 25 eee TOU 


Ul aeh 6 aida 
MOU Cry, 20 2 oo Uae phi Ol 


Preparation of 2-exo-Fluoronorbornane (14) 


AescOlumvongomezeg (0.02 lamole) 12 in 100 ml methyl- 
ene chloride was pre-cooled to -47° (m-xylene slush). The 
SOmlreronawaseadaed: to LOomiN(0.5emole) of HF vat =—7s° and 
stirred for 15 minutes. The reaction mixture was poured 
into a cold, 0°, saturated sodium carbonate solution. 
The layers were separated and the aqueous layer was 
extracted with methylene chloride. The combined organic 
portions were washed with water and dried over anhydrous 
sodium sulfate. The bulk of the solvent was removed by 
distillation through an 8 in Vigreaux column. Compound 
14 was collected by preparative glpc (Column A at 70°). 


Compound 14 is a volatile, white, waxy solid: mp (sealed 
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Capillary) 49-51°. The nmr of 14 is identical to that 


vue Integration 


published for 2-exo-fluoronorbornane 
of a nmr spectrum of the reaction mixture showed that 


14 was present in 60% yield. 


Preparation of 2-exo-Norbornylacetate (18) 





Compound 18 was prepared from its alcohol by acetyl- 
ation with acetic anhydride-sodium pcetaten By this 
method, 2-exo-norborneol yielded 79% of 18: bp 88-91° at 


2Qmnm dg) Clit. a 89-9022 at Z0ummoHo) +. 13 (CCl) Vial AG; 


P27, 0mcii we Glpclanalyaicu(10 fl by 0.25 4n 10s Sr296 on 


Chromosorb W column at 140°) showed only one peak. 


Reaction of Dibenzobicyclo[2.2.2]octadiene (34) with 
LTA-HF 

The olefin (34) was prepared by the method described 
by EOnetG leon The reaction was run in the manner des- 
cribed previously for the reaction Of 1,1-diphenylethylene. 
Ascot £00) esolution sof »1.iL5egad(0.0056umole) 34 dissolved 
in 10 ml of dry methylene chloride was added to a cold 
CO" )iistirredsesolution of 250 49¢9(0.0045 mole) .LTA. and 0.3 
ml (0.015 mole) HF in 20 ml of dry methylene chloride. 
The reaction was quenched after 30 minutes and treated in 
the manner previously described. The solvent was removed 
by rotary evaporation. The residue (1.41 g) was taken 
up in methylene chloride and spotted on two one meter 


preparative thin layer chromatography plates (0.5 mm Silica 
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Gel GF) and eluted with reagent grade chloroform (stabil- 
ized with 0.75% ethanol). On development, four bands - A, 
B, C, and D (in order of decreasing mobility) appeared. 
These were individually extracted from the Silica Gel by 
means of a Soxhlet extractor using methylene chloride as 
solvent. The solvent was removed by rotary evaporation. 

Compound A was recrystallized from ethanol to yield 
0.61 g (0.0030 mole) of white crystals shown to be the 
olefin 34 by melting point, mixture melting point and com- 
Parison Of 1tS ir with that of the authentic material. 

Compound B was recrystallized from Skelly B to yield 
0-20) 9 §(323"basedson 34 consumed) of a white crystalline 
soivd: mp 152-153°. Nmr analysis showed this compound. to 
be 4-ex0-8-syn-difluorodibenzobicyclo[3.2.l]loctadiene 35 
(see Results Section). Anal. Calcd for Cig ioF 2? Cee re ea 
Peer ee eOUNC Ge TOA, Hp De Lei 

Compounds Cawas recrystallized from Skelly B to yieid 
0.22 g (30% based on 34 consumed) of a white crystalline 


x 


pOLid -supei 3655.6 137°; ir (CCl) (1740, 1238 cn; m/e 


Doe osm CaLCcaeror Ci gH) FO>: 282.1056).Nmr analysis 
showed this compound to be 4-exo-acetoxy-8-syn-fluorodi- 
benzobicyclo[3.2.l]octadiene 36 (see Results Section). 
AOL CALCOGLOr Cj gH) 5FO,: Cy, 16.500 pH aloe Oe OUnG mcr 
ESSE Ui ae ee 

Compound D was recrystallized from Skelly B to yield 


0.20 g (24% based on 34 consumed) of a white crystalline 
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solidsamp 170-d71°s(lit 168-170°). The nmr spectrum 
was identical to that published for 4-exo-8-syn-diacetoxy- 
dibenzobicyclo[3.2.l]loctadiene (see Table VIResults Section). 


Solvolysis of Compound 35 


Compound 35-51 mg (0.21 mmole) was dissolved in 6 ml 
dry glacial acetic acid and sealed in an ampoule. This 
was heated at 115° for 576 hours. The reaction mixture 
was poured into 20 ml water and extracted with chloroform, 
The organic layer was washed with water, saturated sodium 
bicarbonate solution, and dried over anhydrous sodium sul- 
fate. The solvent was removed by rotary evaporation and 


the residue was studied by nmr (see Results Section). 


Reaction of 1-Octene (39) with LTA-HF 





The reaction was carried out using the same procedure 
Pesetiat described for the reaction of 1,1-diphenylethylene 
Wi COL TA-HE.  sBy this procedure, ja solution of 5.01 g 
(0.0446 mole) 39 SC won Pear. 0 lod move ae rre one 1 2st 

50 ml of dry methylene chloride, pre-cooled to 0° was added 
BO@agSt i Gredssolution of 400g (ono cumole) LTA and Setom. 
(0.27 mole) HF in 200 ml of dry methylene chloride at 0°. 
The resultant: mixture,was- stirred at 0°. for 30 minutes, 
then quenched and treated as previously described. The 
reaction mixture was subjected to glpc analysis (Column 


A linearly programmed from 80-275° at 8° per minute). On 
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thesbasis of *the ratio of 39:"Freon 112" before and after 
the reaction; 0.0433 emolen(97%).of 39 had reacted and 7 
major products (>2%) and a number of minor products (<2%) 
were formed (see Table ViIland Figure III). The molar 
amounts of the fluorinated octanes were determined from 

a calibration curve constructed as described using 1,l-di- 
fluorooctane (41) and "Freon 112" while the molar amounts 
of the acetates were determined from a calibration curve 
constructed as described using l-acetoxy~-2-fluorooctane 
(45) aud Freon Tl 2 ™ (see Appendix) .© The “products were 
isolated by preparative glpc using Column A under the 


same conditions as described above. 


2,2-Dif Luorooctane (40) 


The yield of compound 40 was 0.0057 mole (13.2% based 
on the consumption of 39). An authentic sample of com- 


pound 40 was prepared by the addition of HF to l-octyne 
‘ 32* 
at (9 sdS described by Grosse and Linn. Compound 40 
80 
PopomcotoLress@itguizd: bop bs6° at=/U00 mm (it. LS Giese c 


g 
7GOumm)?: fa 7 7e ect ome na” = 1.3766); nmr (CFC1,) 


Ce UCL Le © pace), © O.Fo (CUED LOG, rl CnC Sy mom) ry 





32 
Thissreaction, ~asmireported , is extremely exother- 
mic .and care, must be <xercised@in icarrying out this 


procedure. 
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BOOM ULL oer Oe joao O(criplet, Je. 5 “Cosi, 93H); 
dh 
°F nmr (CFC1,) 126.99 ppm (sextet, J = 18 cps). 

The glpc retention time and the spectral data of 


synthetic 40 were found to be identical to those of com- 


pound 40 isolated from the reaction of LTA-HF with 39. 


iPL-Diftlwuorooctane (41) 


tHe Vile ld Of compound 4 le was 0.0148 mole (345238) ; 


Compound 41 is a colorless liquid: bp 133° at 690 mm; 
n29 
D 
eee oe a COs, | Le ood Uti per, onl) Oo. . 


Preece oletyerlUrti) yer. bi Coli plet, J = S/cps 7. 35H) G re nmr 


=: LESS eye Mie aie (CCl) Gri weom triplet OL triniecs, 


(CCl) see Results Section; m/e 150.1220 (calcd for 


POOR 2 Ue etna w ca LOU. tOrtC He ae 


3816 Cio seas 


CoH) 6Fo: 2? 


Peo a Oem EOUNC +) Ce 03.50 7a, 10.70". 


1,2-Difiluorooctane (42) 


The yield of compound 42 was 0.0024 mole (5.5%). Com- 


20 


Beund Als facoloriess|/ diquid:ybp 14/2 at. 690. nm; ns $= 


3929 nmr (CCl) 5s Oe (nue Lets so Gi e(douDtet, Of sdoub— 
Heese Ome OuD tetsu Jd. = (49 jopsi id = 22 cps, WJ: Zi 4.5° cpSs—s the 
Gomoinecusigqnals at 1 5.5 and 5.62) integrated form 32H)” 


8.35 (multiplet, 2 H), 8.62 (multiplet, 8 H), 9.08 
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(tri plet/«dI-><S«cpsy-3+H)4 F (CCl,) see Results Section. 
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2-Acetoxy-2-fluorooctane (43) 





The yield of compound 43 was 0.0013 mole (3.0%). Com- 
pound 43 is a colorless unstable liquid; ir (CCl) see 
Table xX; nmr (CC1l,) precOQmmisinglec, 37h) «S234. (doublet. 
eae CmCOSt ae lull) smo mimmubeapier, 10 H), 9.10 (triplet, 
ge} eps, 3H)*. 

When neat 43 was reinjected on the <ne column 
(Column A at 180°), it completely decomposed to a new com- 
pound. The decomposition product was isolated and shown to 
be 2-octanone by comparison of its ir and nmr spectra with 


those of an authentic sample. 
1-Acetoxy-1-fluorooctane ae) 


The yield of compound 44 was 0.0065 mole (15.08%). 
20 


Compound 44 is a colorless liquid: mn, = 1-4101; ir (CCl,) 
Secu tone = X79 = nmr (CC1,) Meo wi eCOOUD Let Ore inip lots, Sha 
SO CcpDSs J, =moOmCOS, L8H), 1.096 nsgingletyyes H)s§ 8.) (multi- 
Dict wc ees wae (multiplet, LOeH) pmo clon (triplet jae 5 
Gps, 4 3 ai)’; 19, nmr (CC1,) see Results Section. Anal. 

Galced yfior Cy Hyg FO: Gr mes al sy ts LO AO Wael OUNd aC AaG ey. ol 
Heaeo, 13 


Isolation of 1l1-Acetoxy-2,2-difluorooctane (48) 


Both compounds 42 and 43 would decompose when the glpc 
column flooded. When this happened, compound 48 could be 


isolated (see Figure III). Compound 48 is a clear colorless 
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TPauUraseir (CC1,) see Table xX; nmr (CCl,) TOSS 4S (trip — 
fC, Ue eee COS, eau) te) e939 (Singlets 3Uh\eeSeoetmuteiplet, 
oe) Ceremul cEplLety eG LH) ele tN (erintees IR=85Scps" Ban): 


195, nmr (CCl1,) see Results Section. 


l-Acetoxy-2-fluorooctane (45) 


The. yield,of compound 45 was 0.0053.mole- (12.23%). 


Compound 45 is a colorless liquid: neg = 1.4144 (lit. he 
Bae eG 8 en Re (CC1,) see Table xX; nmr (CCl) Teo. 


LieuDtet Ofemultiplets, ed = 50..cps.,+14H) 45.95, (doublet 
SHeeouyletsyyd = 23,.CpS,.Je= 3. CDS, 62H) »./.97. (singlet, 
Peto. oe MULL pret, aol) eo..7 (multiplier ,~8_H),.9. 11 


eS) 


Reni Diet pue= SeCpS, 3.H)i; F nmr (CCl ,) WE Shek eye 


(CFC1 (ELD let) lO Ga Lee stOreG. He PO: Ci Onn 137 


3) TG a9 ares? 


Peo.) /eeeound>, C763. 405 Hensel 0. L7:. 


Preparation of 1,2-—Octanediol 


The synthesis of 1,2-Octanediol was achieved by the 
method described by Senn S By this method, 20 g (0.18 
wile) SO Gave UO cp (SR aie Gite. Ghuekle ear teiaaleia che | 
mm (lit. 135-136° at 10 mm); n° = 1.4494; ix (neat) v 
3450, 1075, 1040 cm; nmr (CCl,) 1 5.44 (multiplet, 2 H), 
G254) (Mutttplet, 3 H) 8.67 (multiplet, L0en)y eon leet De 


eC Pu ese CS gare tl a 


Preparation of 1,2-Diacetoxyoctane (46) 


To 2 g (0.014 mole) of the diol prepared above dis- 
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solved in 30 ml benzene, was added 4.8 GAO oOsSoema le) or 
freshly fused sodium acetate and 5 ml (0.050 mole) of 
acetic anhydride. This mixture was heated on a steam bath 
for 5 hours and then heated under vigorous reflux for an 
additional hour. The reaction mixture was cooled and 
poured into water. Enough sodium carbonate was added to 
neutralize the mixture. The mixture was transferred into 
a separatory funnel, the layers were separated, the aqueous 
layer was extracted with benzene, the combined organic 
portions were washed with water, and dried over anhydrous 
sodium sulfate. The benzene was removed by distillation 
EeLOughn an 8 in Vigreaux column to yield 2.7 g (84%) of 


46. Compound 46 was further purified by preparative glpc 


(Column A at 230°). Compound 46 is a colorless liquid: 
me = 1.4304; ir (Cccl,) see Table X7 nmr (CC1,) ie 1S yo ONS 


PoUeer ple wig), 5-9 (multiplet, 20) 8.02 (singlet, 
Om faeces ure Tp let, 10) aol 2 triplets. 3 =) 5 cps, 
Seuyemaaab. -Calcduror C3 oH5 50): Coe 2S ty oOo Ser OUnd. 
CeO FOr 9238. 

The yield of compound 46 from the reaction of LTA-HF 
with 39 was 0.0029 mole (6.7%). The glpc retention time and 
Liesspectral data of=synthetic 46 were found to be identical 


to those of compound 46 isolated from the reaction of LTA- 


BE withs39. 
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Preparation OF eee Cee torn octane 





To 0.9 g (0.038 g-atom) magnesium turnings was added 
eeonwilse, Withistirring, a solution of 5.4 g) (0.030 mole) 
1-bromoheptane in 100 ml of anhydrous ether. The Grignard 
reagent thus formed was carbonated with the carbon dioxide 
melreased from 3 9g (0.015 mole) of carbon-13 enriched barium 
carbonate when it was treated with concentrated sulfuric 
acid. The procedure used for the carbonation reaction has 
been eucbined in “lsotopic Carbon” for the synthesis of 
acetic Reid C. 82 Upon completion of the carbonation 
reaction, the reaction mixture was hydrolysed by the 
ede euoneof LO mi of “concentrated sulfuric-acid. ~The 
layers were separated and the ether layer was washed 
several times with water. The aqueous wash was saturated 
with sodium chloride and extracted with ether. The com- 
bined ether portions were extracted with saturated sodium 
bicarbonate solution. The aqueous extract was carefully 
neutralized with concentrated hydrochloric acid, saturated 
With sodium chioride, and extracted with ether. The ether 
solution was dried over anhydrous sodium sulfate. 

The above procedure was repeated until a total of 
15g (0.075 mole) of carbon-13 enriched barium carbonate 
had been converted to octanoic acid. The octanoic acid was 
not isolated. 


The ethereal solution (S00eml)  of=coctanorceacid, 
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obtained above, was added dropwise, with stirring, to 5.2 
g (0.14 mole - greater than two-fold excess) of LAH dis- 
solved in 400 ml of anhydrous ether. When addition was 
completed, the reaction mixture was heated under reflux 
SOreLourshours and then allowed to stand overnight. _ The 
excess LAH was destroyed by careful dropwise addition, 
With stirring, of water saturated ether. The reaction 
mixture was then treated with 200 ml 6N hydrochloric acid 
solution. The layers were separated and the organic 
phase was washed in succession with water, saturated sodium 
bicarbonate solution, water and finally dried over anhydrous 
sodium sulfate. The bulk of the ether was removed by 
Geote tation through an 3¢ in Vigreaux column. 

The alcohol formed was not isolated but was treated 
Wuchneowseil (O.13amole) of acetyl chioride added in a 
dropwise manner. When the initial reaction had subsided, 
enough of an aqueous 20% sodium hydroxide solution was 
added, in a dropwise fashion, to render the reaction mix- 
ture just alkaline to litmus. The layers were separated 
and the aqueous layer was extracted with ether. The 
combined ether portions were washed with water and dried 
over anhydrous sodium sulfate. Removal of the ether by 
distillation through an 8 in Vigreaux column resulted in 


12 g (92% based on barium carbonate) of 1-*3¢-1-acetoxy- 


Octane: ir (neat) Vv 1740 91235 ae”. 
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Preparation, of 1 eoteoccenc 





The acetate prepared above was pyrolysed following 
83 
the procedure of Wibaut. ByStnhis Method, 3-7 gq (47%) 
P= C1 octane was isolated. fhe glpc retention time and 


ir spectrum were found to be identical to those of compound 


se: 
39. For C nmr see page 118. 


Reaction of eee Seen eer ene with LTA—-HF 


mie react1on was fUn in an tdentrcal manner to that 
Wescelocd above. hus assolution of 3. / %q- (0-033 mole) Of 


yel3 


C-l-octene in 40 ml of dry methylene chloride was added 
PomaecolG. (0), stirred solution of 30 9 (0.066"mole) of 
wieeand 3.9 ml (0.2 mole) Of HE in 150 mi of dry methylene 
chloride. The reaction was quenched after 30 minutes 
reaction time and treated in the usual manner. Glpc analysis 
eovealcomtnat. the product distribution was identical to 

that obtained from the reaction carried out with unlabelled 
material. The bulk of the solvent was removed by distil- 
ation through an 8 in Vigreaux column. Upon standing this 
solution changed color from pale yellow to dark brown. Glpc 
analysis of the dark brown solution revealed that the 
Signals corresponding to compounds 43 and 44 had disappeared. 
A new signal having a retention time of about one minute 
longer than that of compound 42 (see Figure III) had 


appeared. The decomposition products were isolated, but 


not separated, by preparative glpc (Column A at 130°). 
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Isolation of jee Setowactanet and te, Tea pee esol 








To" 200"mg. (5 *nmole)} Pot -LAH=dissolved in Soni of-an— 
hydrous ether, was added dropwise, with stirring, a solu- 
tion of 252 mg of the decomposition products, described 
above, in 15 ml of anhydrous ether. The reaction mixture 
was treated in the manner already described. Glpc analysis 
(Column A at 130°) revealed that two volatile products 
had been formed. The area ratio of the 2-octanol to the 
' l-octanol was found to be the same as the area ratio, 
before decomposition, of compound 43 to compound 44, The 
reduction products were isolated by preparative glpc (same 
column and conditions as above) and their nmr spectra were 


recorded (see Results and Discussion section). 


Carbon-13 Nmr Studies 


Carbon -13 nmr spectra were determined using a Bruker 
Scientific HFX-8 spectrometer operating in conjunction with 
a Frabri-lek=1074/PpP-8L fast Fourier transform signal 
averager. The samples, isolated from glpc, were dissolved 
in deuteriochloroform and tetramethylsilane (TMS) was 
added as an internal reference. Chemical shifts were cal- 
culated relative to the internal TMS signal and for purposes 
of comparison may be converted to the benzene scale (TMS to 
benzene, 128.54. ppm)... -For te nmr spectral data of the 


carbon-13 enriched compounds 40, 41, 42, and 45 see Table IX. 
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Carbon-13 Nmr Spectrum of Compound 39 


Compound 39 showed proton decoupled carbon-13 reson- 
ences seierlo 03) Lid G55) 34.50, 932.45, 29.261, .29- 518, 23.22, 
Pode 422s pon emithencarbone | amnnaof giao C4. octeteuchowed 
only one proton decoupled carbon-13 resonance at 114.65 
ppm. This signal appeared as a nominal triplet (J = 154 
cps) in the proton coupled C nmr spectrum thereby con- 


1B 


firming that the C enriched carbon was in the C-l1 posi- 


tion. 


Carbon-13 Nmr Spectrum of Compound 41 


The proton—cecoupled carbon—13 nmr Spectrum of com— 
pound 41 SuOWwCOmtecOnances satel ol. SU GrIDLeC =e SU CUS) 
Cece, 0 =) 9ecos)i) 32.06) (singlet) | 929.09) (sing— 
Pompeo sve criolet,) = G2 cos), 22.90. (Singler) 22.42 
(mip let J = 5 cps), and L4si4 (singlet) OPM les pLOLon— 


decoupled spectrum of ie enriched compound 41 showed that 


nw 


only the resonance at 34.41 ppm was enhanced (see Table 


Pwtor results). 
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AUP SPregen DRE xX 


The construction and use of a calibration curve for 
the determination of molar amounts of products in a re- 
action mixture can most simply be illustrated BY an accuaL 
example. The example chosen is the calibration of Gs ie 
difluorooctane (41) and "Freon 112". 

Solutions with known molar amounts of "Freon 112" 
and compound 4l were prepared and subjected to glpc 
analysis using Column A under the same conditions Carer, 
Same Carrier gas flow rate, column temperature and program 
rate, detector and injector temperature, and filament cur- 
rent) as those employed for analysis of the reaction mix-— 
ture obtained from the LTA-HF reaction with l-octene. 

A stock solution of 0.486 g (0:00238*mole) of 
"Freon 112" in 10 ml of methylene chloride was prepared. 
One ml of this solution was transferred into a solution 
Of 0.118 g (0.000785 mole) of compound eis Wilton 
methylene chloride. For the resultant solution, the mole 
Pent Or Gr 41/"Freon 112" was 3.30. The observed area ratio 
of 41/"Freon 112" was 3.64 + 0.07. This procedure was 
repeated using solutions obtained by successive additions 
Of -l mivaliquots “of "the “Freon 1i2’™*stock solutionmco 
the mixture described above. The results are tabulated 


im Lable =x. 
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TABLE 9X. 
_Glpc Calibration of 1,1-Difluorooctane and “Freon 112" 
nr NG ECON tLe 


Mole Ratio 32°30 





Brea KRatlo|)3-.6420.07 , 1.70+0/05 | 1.0520.03 | 0.79+0.02 DSSS 20202 





The plot of the above data is shown in Figure Lvs 


From the reaction mixture of the LTA-HF reaction 
with l-octene (see Experimental Section) it was found that 
the area ratio of 41/"Freon Lee Wass 076 de 0-02 2) rom 
the calibration curve, the mole ratio corkesponding to 
this area ratio is 0.81 + 0.02. Since 0.0364 mole of 
"Freon 112" was added to the reaction mixture, the molar 
amount of 41 formed is (0.81 + 0.02) x 0.0182 = 0.0148 at 
0.0003, Therefore the percent of 41 formed, based on the 
consumption of l-octene, is 34.2 + 1. It was assumed 
that the other difluorides obtained from the reaction 
would have the same response on the glpc detector as 41. 
Therefore the molar amounts of these compounds were calcu- 
lated using the calibration curve shown in Figure IV. 

Similar calibration curves were constructed for the 


other systems studied by glpc. 
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FIGURE IV Glpc Calibration Curve (Mole Ratio vs Area Ratio) 


for l,l-Diriucrooctane and “EBreon 112". 
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Proposed Synthesis of 2-Fluoro-l-octene 
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The Reaction of 2-Fluoro-l-octene with LTA-HF 


The synthesis of 2-fluoro-l-octene (47) was carried 
out as outlined in Scheme XXVII. The elimination reaction 


gave two compounds in a1:l ratio. The compound with the 


SCHEME XXVII 


" aL NaOCH 
R-CH=CH,, es Cte R-CHP-CH.,Br Ea 
MeOH 
4 
Sas 
47 


shorter glpc retention time decolourized a bromine solution 
and was shown to be 2-fluoro-l-octene on the basis of its 
nmr and ir spectra and its microanalysis. The product 
with the longer glpc retention time was not characterized 
but is presumably 1-bromo-2-octene. 

The nmr spectrum of 2-f£luoro—l—-octene A) shows 
a doublet at 15.48 (J-= 2.cps, 1 8), alvdoublet: of doubters 
atte 6. 0GR -=).34. cps, Je = 2) CoS, alt Hh) awonded dautilet Ody 
Ce Letsmea titans 00 (5 = 16 cps, J, =O. CDS) 620) se anomcom= 


parison of the observed multiplicity of the resonance at T 


Us Pa 


5.48 with standard spectra reported in the literature (which 
are Similar in structure to compound 4d) the t 5.48 reson- 
ance may be assigned to the C-1l hydrogen which is ets to 

the fluorine atom. The magnitude of the geminal proton- 
proton spin-spin coupling in terminal olefins is reported 


tor bes Pron. to 13. cass The magnitude of this coupling 
is observed to be 2 cps in compound 47. The ets fluorine- 
proton spin-spin coupling constant is reported to be from 
Leto 8 cps. °4 This coupling is unresolved in the nmr 
spectrum of compound 47. Thesresonance at 1 6.03 .may be 
assigned tosche C—l hy cregen which is trans to the fluorine 
atom. The trans fluorine-hydrogen spin-spin coupling con- 
stant in an olefin is reported to be from 12 to 40 ensi ion 
Thus the large coupling constant (34 cps) may be assigned 
to the trans fluorine-proton spin-spin coupling while the 
small coupling constant (2 cps) may be assigned to geminal 
proton-proton spin-spin coupling in the terminal olefin 47. 
The signal at t 7.86 may be assigned to the C-3 methylene 
protons. These protons will be split into a doublet (J = 
epcpseoy sce Vacinal Co20Gluonine atom and spliteinto a 


triptet (J a= 6 cpos)s by the C-4 methylene protons. Thesiimr 


datayis consistent with that expected for 2-fluoropl—octene, 


The ir spectrum of the fluoro olefin shows carbon- 
carbon double bond stretching at 1660 cm whieh) is) iL 
dicative of a terminal olefin. 7° 


The synthetic 2-fluoro-l-octene (47) had an 
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identical glpc retention time as the compound assumed to 
be 2-fluoro-l-octene obtained from the reaction of l-octene 
with LTA-HF (see Figure 3, page 45). The fluoro olefin 
obtained from the reaction of l-octene with LTA-HF could 
oe be obtained admixed with 2,2-difluorooctane (40). AI 
of the absorption bands present in the ir spectrum of syn- 
thetic 47 were also present in the mixture of 40 and 47 
obtained from the LTA-HF reaction with l-octene. These 
observations firmly establish that 2-fluoro-l-octene is 
indeed a product obtained in the reaction of LTA-HF with 
l-octene. 

Synthetic 2-fluoro-l-octene was treated with LTA- 
HF in a manner identical to that described for the LTA-HF 
reaction with l-octene. Glpc analysis revealed that all 
of the starting olefin had reacted and that two products 
were formed in a 1:2.5 ratio. When 2,2-difluorooctane 
(40) was added to the reaction mixture a new "peak" was 
observed in the glpc chart thereby showing that 40 LS not 
formed by the addition of HF to 47. This indicates Mh cee 
the compound 40 is probably formed by a 2,1-hydride 
shift as shown in Scheme XXI, pathway b (page 78). Compound 
40 cannot arise by the alternate pathway suggested in 
Scheme XXII (page 80). 

The products of the LTA-HF reaction with 47 were 
isolated by preparative glpc. The major product, having 


the longer retention time, was shown to have the identical 
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glpc retention time as l-acetoxy-2,2-difluorooctane (48) 
(see Figure III, page 45) and had a superimposible nmr 
spectrum with compound 48. This shows that the formation 
of compound 48 in the LTA-HF reaction with l-octene can 

be rationalized as shown in Scheme XXII (page 80). The 
minor product, having the shorter retention time, appears 
from the nmr spectrum to be 1,2,2-trifluorooctane (78). 
The nmr spectrum of 78 Shows sag doublet® ofs triplets attr 

Se G7 (Ss = S/mepsy, J, =H sepsis 2a)fpthiseresonance may 
be assigned to the C-1l protons on the basis of their 
chemical shift and multiplicity. The large coupling con- 
stant can be assigned to the geminal proton-fluorine spin- 
spin coupling while the small coupling constant can be 
assigned to the vicinal proton-fluorine spin-spin coupling. 
A more complete structural analysis is not available at 
this time. The formation of these products (48 and 78) 


can be rationalized as shown in Scheme XXXIII. 


SCHEME XXXIII 


a) 
F F Y 
R-C=CH EO | ee c- oe CR CHEN 
2 age prennees) 
‘ 
R = n-hexyl X= BF bOAS) 3_m Y=F 78 


m= 0-3 Y = OAc 48 
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Preparation of 1-Bromo-2-fluorooctane 


The method used was similar to that described by 
35 


Pattison and coworkers. Toy 60 wl =(3 moles)-<of TiFiat —s0° 
was added 200 ml of cold, -80°, anhydrous diethyl ether. 
TGpeii ix cure, wae iidded jraltermnately, with istirringsi9(30 g; 


0.11 mole) 1,3-dibromo-5,5-dimethylhydantoin (obtained from 
Rmapahoe. ChemreaimCo. ) and? avicold, (=80°%) solmition’ off (30 g;: 
0.27 mole) l-octene in 100 ml of anhydrous ether over a period 
of 45 minutes. The mixture was stirred at -80° for 3 hours 
and then allowed to stand at this temperature for an 
additional 10 hours. The reaction mixture was allowed to 
warm up to room temperature and was then slowly poured 
intova }cold,-0°, “Saturated Solution Of potassium “carbon-— 
ate. The organic layer was separated and the aqueous 

layer was extracted with ether. The combined ether layers 
ee washed in succession with water, saturated sodium 
bicarbonate solution, water, and finally dried over anhyd- 
rous sodium sulfate. The ether was removed and the resi- 
due was distilled under cequcea pressure to yield 26 g 
(53%) of 1l-bromo-2-fluorooctane: bp 89-91° at 12 mm 

a5 25 3 5apa25 


90° at 16 mm); ni” = 1.4437 (lit. eae ee eyes’ A 


nmr (CCl) Tat 4 Tom doublet tof matt ipl ets, dh =) Secpet« 1 A) 


(Li te 


6 160M@Kdoublete ol ddublets,@J0- = {18 cps) J = 6 .cps7. 2°) o.t 


(multiplet, 2H) 38.65 (multiplet, soln), =o 00m triple, 


Wi eh eorsim 6. ded Ee 195, nmr (CCL) 185.99" ppm (CFC1.,) (multi- 
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Preparation of 2-Fluoro-1l-octene 

To 10 g (0.047 mole) of the 1-bromo-2-fluorooctane 
prepared above was added 2.8 g (0.052 mole) of sodium 
methoxide and 15 ml of methanol. This mixture was heated 
LOrprerius witcha strrring= tora dohours., The reaction’ mix- 
ture was cooled and diluted with water and extracted with 
ether. The aqueous phase was saturated with sodium 
chloride and extracted with ether. The combined ether 
portions were washed with water and dried over anhydrous 
sodium sulfate. Glpc analysis (column A linearly pro- 
grammed from 100-250° at 10° per minute) revealed that 
85% of the 1-bromo-2-bromooctane had reacted (estimated 
from peak area measurements) and two products were formed 
gneael:iy ratio.  )Thesproduct=with!theeshorter retention 
time was isolated by preparative glpc and shown to be 2- 
fluoro-l-octene: bp 132° at 690 mm; n° = 1.4011; ir 
(Ccl1,) v 1660 Seo nmr (CC1,) TT Oeece LdOubwety ua 2 
Gps ale) 262.03 (doublet of doublets, J = 34 cps, J = 


paeceac pled), 7.060 (doubvetyoretripiets, <JEi= i6ecps, 


d 
(pee .Oe8CUS, 20), eceole (multYplet /E8ah)y 69. 08™= (triplet, 
J 


LE 
Lg 


eye COS es 1): Penmr (CC1,) 93.48 ppm (CFCC1.) (multi- 


pleut Anat. Calcd tor CoH, oF: One PAST RSE teen LENE Us thie 


HOUnC CaS. Oe el eG. 
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Reaction of 2-Fluoro-l-octene (47) with LTA-HF 

This reaction was run in an identical manner as 
that described for the reaction of l-octene with LTA-HF. 
Byecotseprocedure, ca Solutionsof 0.99 g- (0.00767 mole) en 
end. 00080 90,00 48emole) = Freon 112". an 10 ml of dry 
mechyvrene chloride, pre-cooled to 0°; was added to, 2 
SEmenecdeso io rOneOte.G=(0.016 mole) LTA and) 1° mi (0-05 
mmole) HF in 35 ml of dry methylene chloride at 0°. The 
Besultant mixture was stirred at: 0° for -30 minutes, then 
quenched and treated as previously described. Glpc 
analysis (column A linearly programmed from 80° to 275° at 
Boeper Minutce) revealed that all of compound 47 had reacted 
and that two compounds were formed. The larger component 
(70% by peak area measurement) had an identical glcp 
retention time and nmr spectrum as l-acetoxy-2,2-difluoro- 
Sctane. inate. Calcd for C3 Hy pF 20>: (Sy Gy aes ala Haha (abe 
Found: C, 58.00: H, 9.17. The smaller component (30% by 
peak area measurement) had a nmr spectrum which is consist- 
BwemEOr be, 2—-trt LuOLooCctane:! mmr, (CCl) 15 Of (GOUbLet 
ChmceLDLGLES, Jes SCS; dS DR Cost ae el epee Gn Zen iia ele tay 
Per peor Oom( mule pleta So H)),59.09e (triplet) il ~—soaCpsi, 
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